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1. OEVERAL SESCRIPTIOK. 

Tho propt'llinfj engines will be rijrhts and lefts, placed 
in :t eominun water-li;;ht compartment. Those enjjines 
will be of the vertieal, tnverted-eylinder, direct-act- 
ing, triple-expansion ty])e, each with a hi jjh -pressure 
cylinder 13'j inches, an intermcdiatc-prcssnre cylinder 
II inches, and a low-prcs.siirc cylinder 31 inches in diam- 
eter; the stroke of all pistons being 20 inches. It is 
estimated that the cnlloetive indicated horse-powgr of 
propelling, air-pump, and circulating-pump engines 
should be about 1,300 when the main engines are mak- 
ing about 240 revolutions per minute. The high-press- 
ure cylinder of each engine will be forward and the 
low-pressure cylinder aft. The main. %'a.\'^f*.'«-Ns.'';i«' "^"^ 
21831 2 



the piston type for the high-pressure and intermediate- 
pressure cylinders, and slide-valves for the low-pressure 
cylinders, all worked by Stephenson link-motions with 
double-bar links. The piston- valves, valve-liners, and 
valve-gear will be made interchangeable, as hereinafter 
specified. There will be one piston-valve for each high- 
pressure cylinder, two for each intermediate-pressure 
cylinder, and one slide-valve for each low-pressure cvlin- 
der. Each main piston will have one piston-rod, with a 
cross-head working on a bar-guide. The framing of the 
engines will consist of wrought-steel columns, trtissed 
by wrought-steel stays. The engine bed-plates will be 
of caKt-steel, supported on wrought-steel keel son -plates 
built in the vessel. The crank-shafts will be made in 
three interchangeable sections. All shafting will be 
hollow. The shafts, piston-rods, connecting-rods, and 
working parts generally will be forged of mild open- 
hearth steel. 

The condensers will be made entirely of composition. 
The main condenser will have a cooling surface of about 
1,820 .square feet, measured on the outside of the tubes, 
the water passing through the tubes. There will be a 
double, vertical, single-acting air-pump worked \>y a ver- 
tical compound engine. The circulating-pump will be of 
the centrifugal type, worked independently. The pro- 
pellers will be right and left, of manganese bronze, or 
approved equivalent metal. 

There will be an auxiliary conden.ser of sufficient 
capacity for the auxiliary machinery. The auxiliary 
condenser will have a combined air and circulating-pump. 

There will be two straight-way fire tubular boilers, 
placed in a common water-tight compartment, as shown. 

The outside diameter of boilers will be about 8 feet 
gla inches, and the length about 17 feet over heads. 

They will be constructed for a working pressure of 160 
pounds per square inch. 

Each of the boilers will have two corrugated furnace- 
flues 3 feet 3 inches internal diameter. 

The total heating surface will be about 3640 square 
feet, measuring the tubes on the outer surface, and the 
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grate surface 78 square feet, fhere will be a main feed- 
pump in the fire-room and an auxiliary feed-pump in 
the cnjjine-room. The main feed-pump will connect with 
a main feed-pipe, and will have a. capacity sufficient to 
suppiy twice the amount of water necessary for the 
boilers when steaming at full power under forced draft. 
There will be a smoke-pipe located as shown. 

The forced-draft system will consist of two blowers, 
which will discharge into main air-ducts under the fire- 
rooin floor, from which a branch duct will lead to the ash- 
pit of each furnace. Means will be provided for cli>sing 
the ash-pits when under forced draft and for preventing 
leakage of gases out of the furnace-doors. The draft to 
each furnace will be regulated by means of a damper. 

There will be steam revcrsing-gear, an ash-hoist, a turn- 
ing-engine, auxiliary pump, an engine-room ventilating- 
fan, engine for driving workshop machinery, a distilling 
apparatus, and such other auxiliary or supplementary 
machinery, tools, instruments, or apparatus as arc de- 
scribed in the following detailed specifications or shown 
in the accompanying drawings. 

2. CTLINSEBS. 

They will consist of casings of best quality of cast-iron 
as hard as can be properly worked, with working-linings 
for all the piston-valves. The cylinder casings will 
include the valvc-chcst.s, steam-ports and passages, the 
lower heads, and the various brackets to which the cyl- 
inder supports will he attached. The steam and exhaust- 
ports will be smoothly cored to the dimensions shown in 
drawings, the walls of the passages being stnmgly stayed 
by ribs. 

The flanges for securing the cylinders to each other 
will be so faced that when bolted together the centers of 
the cylinders will be 2 feet 7 '.• inches apart, with the cyl- 
inder-axes all in one plane and parallel. The cylinder 
casings will be bolted together and to their supposing 
columns by body-bound steel bolts. They will be bored 
to their respective diameters when in a vertical position. 
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3. HIOH-FBEBSURE CYLINDER CASIITOS. 

The head will be cast with a single wall and the barrel 
will be }i inch thick. It will be faced and bored, as shown, 
for the reception of the valve-chest linings. It will be 
bored to a diameter of 13J3 inches, the boring being 
done in a vertical position. It will be counterbored at 
both ends, leaving the working bore aoj^ inches long. 
The brackets at the bottom for attachment of the sup- 
porting columns will be well ribbed and truly bored or 
faced for the columns as shown. There will be flanges 
for bolting to the inter mediate- pressure cylinder, these 
being faced to a plane parallel to the axis of the cylinder. 
The walls of the steam passages will be properly stayed. 
There will be facings, flanged and ribbed where neces- 
sary, for the attachment of the cylinder and valve-chest 
covers, steam -pipe, exhaust-pipe, piston-rod stuffing-box, 
relief- valves, drain-cocks, indicator-pipes, drain-pipes, 
and oil-cups. 

4. INTEKHESIATE-FRESSURE CYLIHDER CASIH08. 

They will be of close-grained cast-iron as hard as can 
be properly worked. Kach will have two piston-valves. 
Kach will be bored to a diameter of 2 1 inches, the boring 
being done in a vertical position. The cylinders will be 
counterbored at both ends, leaving the working bore 20 J4 
inches long. Each will have faced flanges for bolting to 
the high and li>w-pressure cylinders. The barrels of the 
casings will be "-g inch thick. 'There will be brackets 
well ribbed and truly bored or faced for the supporting 
columns as shown, also facings for steam and exhau s 
pipes, receiver safety-valves, receiver live-steam pipes, 
piston-rod stuffing-boxes, drain-cocks, indicator-cocks, 
drain-pipes, and oil-cups. There will also be faced flanges 
for bolting the high -pressure and intermediate-pressure 
cylinders together. 

9. LOW-FRESSUKE CTLINSER CASINOS. 

Each will be of the same material as the intermediate- 
pressure casing, and will be similary fitted, with the fol- 
lowing exceptions: It will have a slide-valve. It will 



have a flange on the forward side for bolting to the 
intermediate-pressure cylinder. It will be bored to a 
diameter of 31 inehes, the boring being done in a vertical 
position. The cylinders will be counterbored at both 
ends, leaving a working bore zoj^ inches long. 

a CTLINDEK COTEBS. 

They will be of cast-steel, and cast with single walls 
fa inch thick, well stiffened by ribs ^ inch thick on 
high -pressure, Ji inch thick on the intermediate-pressure, 
and 5^ inch thick on the low-pressure covers. They will 
be so formed as to leave as little clearance as practicable. 

Each cover will l>e turned and faced to fit its cylinder 
casing, and finished on outside of flanges. 

The cover of the high-pressure cylinder will be secured 
to the cylinder casing by twelve ^-inch steel studs, the 
cover of the intermediate by sixteen J-i-inch steel studs, 
and the low-pressure cover by twenty J-tt-inch steel studs. 

Holes will he drilled and tapped for jack-bolts and 
eye-bolts. 

7. CTLIHDEB CLEARAITCES. 

Care will be taken that the clearances in the cylinders 
are made no larger than absolutely necessarv. After 
the engines are set up in place and connected, the vol- 
ume "f the clearance at each end of each cylinder will 
be carefully measured by filling the space with water or 
oil. and the result plainly marked on some cimspicuous 
part of the cylinder casing. M.irks will also be made 
on the cross-head guides showing the position of the 
pistons where the clearances were measured. 

8. VALVE-CHESTS. 

The valve-chests of each high-pressure cylinder will 
be fitted for one piston-valve, each intermediate-pressure 
for two, and each low-pressure for a double- ported slide- 
valve. 



There will be openings at each end of the piston-valve 
chests for inserting and removing the valves and work- 
injf-!ininys. These chests will be accurately bored and 
faced for the reception of the working-linings. 

Before the insertion of the linings the steam and ex- 
haust passages must be thoroughly cleaned out and 
])icklcd. and care taken that the passages are nowhere 
contracted to less than the specified areas. There will 
he an opening on the side of the low-pressure valve-chest 
for inserting and removing the valve, and the seat must 
be accurately faced for the valve. 

The t<)p of the low-pressure valve-chest is cast with an 
opening and a flange to receive a stuffing-box for metallic 
packing. A h<"Kl connected with the condenser is bolted 
on top as shown. 

There will be a casing on top of rod, passing through 
the stufling box. and constituting the balancing piston 
for the weight of the valve. 

Kach intermediate and low-pressure valve-chest will 
have a i 'j-iiich adjustable-spring safety-valve of ap- 
proved j)attern. 

All valve-chests will als() be fitted with suitable com- 
position drain-eocksor valves that may be operated from 
the working-platform, the valves to discharge through 
pipes intu the bilge and feed-tank, with the necessary 
valves for directing the water to either, 

9. TALVE-CHEST LININGS. 

There will be a working-lining at each end of each 
valve-chest for each piston-valve. They will be of east- 
steel or close-grained cast-iron as hard as can be properly 
worked, acciiratelv turned and faced to fit the casings, 
and accurateh- bored to an internal diameter of 6 inches, 
leaving the walls 'j inch thick. 

They will be forced into place, making all joints per- 
fectly tight, and secured by screws tapiwd half into the 
linings and half into the casings. 

The vaive-chest linings are interchangeable. 



The steam-portsof the liigli and intermediate- pressure 
cylinders will be i J4 inches wide, those of the low-pres- 
sure cylinders will be i^t inches wide. 

The steam-ports in the nigh -pressure and intermediate- 
pressure valve-chest liners will have alternating right 
and left diagonal bridges, taking up not more than one- 
quarter of the total port area. 

The edges of all ports will be finished to a uniform 
outline. 

10. VALTX-CHEST COVERS. 

They will be made of cast-steel, the low-pressure cover 
being ribbed as shown. 

The flanges will be turned and faced to fit the open- 
ings in, and flanges of valve-chests. The high-pressure 
and intermediate-pressure covers will be finished on the 
outside, and the low-pressure covers will have the out- 
side and edges of flanges tinished. Each lower cover 
will be faced and bored to receive the valve-stem stuf- 
fing-box. 

There will be approved provision for proper oiling of 
the valve-stems. 

The lower covers will have the necessary faces for 
securing the valve-stem cross head -guides. 

Each high-pressure and intermediate-pressure valve- 
chest cover will be secured by eight f B-inch and each 
low-pressure vaive-chest cover will be secured by twenty- 
four ^6-inch steel studs, with finished wrought-iron nuts. 

The high-pressure and intermediate-pressure valve- 
chest covers will be interchangeable at the top and at 
the bottom respectively. 

11. PI8T0N-TALVE8. 

All the piston-valves will he made in two parts. They 
will be of cast-iron, as hard as can be properly worked, 
of a general thickness of Jo inch. Each of these parts 
will consist of a hollow piston 6 inches in diameter, and 
will fit the valve-liners accurately without packing- rings. 

The high and intermediate-pressure valves will be 
exactly alike. 



The two parts of each valve will be separated, when in 
place on their valve-stem, by a cast-steel distance-piece, 
which will be of such length as to make the steam and 
exhaust laps as follows : 

Steam lap — top, i inch; bottom, |f inch. 

Exhaust lap — top, minus ^ inch; bottom, ^ inch. 

2. LOV-PKESSVRE BLIDE-VALTES. 

They will be double- ported, and will be made of cast- 
iron. The face of the valve will be finished to a true 
plane. All the edges will be finished. 

The weight of the valve will be balanced as shown in 
drawings. 

The steam lap will be — top, i inch ; bottom, %^ inch. 

The exhaust lap will be^top, a^i inch ; bottom, J| inch. 

.3. VALTE-STEHS. 

They will be of forget! -steel. The high-pressure and 
intermediate-pressure will be i>| inches in diameter at 
the stuffing-boxes and reduced to i inch where they pass 
through the valves, the low-pressure being ij^ inches 
in diameter at the stuffing-box and reduced to i H inches 
where it passes through the valve. The lower end of 
each intermediate-pressure stem will have a shoulder and 
thread cut on it and be fitted with a steel nut for securing 
it to the cross-head. A slot will be cut in the thread on 
each stem and fitted to a feather in the cross-head. The 
nuts will have collars recessed in countcrborcs in the 
cross-heads and will be secured by set-screws. The 
thread on each stem must be sufficientlv long to allow a 
reasonable latitude of adjustment. The high-pressure 
and low-pressure valve-stems take hold directly of the 
link-blocks. 

The low-pressure valve-stem will have a cast-steel 
casing at top secured as shown. This casing is the 
balancing piston, and works in a stuffing-box with me- 
tallic packing. 

A split-pin will be put through the valve-stem to keep 
the nuts from coming off. 



14. cnnrsEB reuef-taxtes. 

There will be a ij4-inch adjustable-spring relief- valve 
on each end of each main cylinder. The valves and their 
casings will be of composition. Pipes will lead from the 
relief-valves to the bilge with easily-broken joints. 

These valves will have nickel seats or their equivalent, 
and the valve-fittings will be so constructed that the 
valves can be easily overhauled without slacking the 
springs and so that steam will not come into contact with 
the springs. The springs will have approved means of 
adjustment, and will be long enough to allow the valves 
to open to their full extent without unduly increasing 
the load. The valves will be guided by loosely-fitting 
wings. The springs will bear on shoulders on spindles 
which fit loosely in sockets recessed in the backs of the 
valves. These spindles will be .so fitted that the valves 
can be moved by the application of a lever. The valves 
will be fitted with casings, which will prevent danger of 
people being scalded by hot water from the cylinders. 
Suitable fulcrums will be on casings for the application 
of levers for working the valves ; one lever to be fur- 
nished for each engine. All springs must pass a satis- 
factory test. 

15. CTLIHSEB SRAHT-COCKS. 

Each cylinder will be fitted with an approved drain- 
cock, placed so as to drain the cylinder thoroughly. The 
cocks must be perfectly tight without undue friction. 
The drain-cock of each cylinder of each engine will be 
worked by a single lever at the working-platform. All 
the drain-cocks of each engine will discharge into a pipe 
leading to the fresh-water side of the condenser, with a 
branch to the bilge. This pipe will have a stop-valve 
near the condenser, and will have a spring non-return 
valve, without hand-gear, which can open to the bilge- 
discharge when the drain to condenser is closed, but 
which will prevent air entering the condenser at any 
time. Small drain-cocks will be fitted to the lowest parts 
of drain-pipes. 

37iw 3 , , , :- > 



16. ENGnra THROITLE-VALTEB. 

Each engine will have a throttle- valve in the main 
steam-pipe as near as possible to the high-pressure cylin- 
der. This throttle will have a locking-gear, worked 
from the platform, which will hold the valve wide open 
when desired. 

The throttle wilt be worked by a screw-stem, the gear 
operating the stem being worked by a ro-inch hand- 
wheel at the platform, where it will have an index divided 
as directed. 

The spindles will be horizontal. The valves, stems, 
and casings will be of composition. 

17. FISTOH-ROD STUFFIITO-BOXEB. 

They will be made of composition, and fitted with 
approved metallic packing with efficient means of lubri- 
cation. The packing of each stuffing-box will be made 
in two independent sections, so that in case of injury to 
one section the other alone will make a tight joint; this 
packing to be in all respects equal to Watson's. 

18. TALTE-8TEH STITFFIHO-BOXES. 

They will be simitar to the piston-rod stuffing-boxes. 



They will be of cast-steel or approved bronze, and will 
be dished. 

Each piston will have one packing-ring, i inch wide, of 
hard cast-iron, cut obliquely and longued. The thick- 
ness of the packing-rings is >4 inch for the high-pressure, 
3/i inch for the intermediate pressure, and i inch for the 
low-pressure piston. 

The packing-rings wilt be sprung into position. 

There will be sufficient clearance between the piston 
and cylinder to allow for difference of exparision. 



When completed the pistons must be carefully weighed, 
and no excess of weight will be allowed over that due to 
the dimensions shown in the drawings. 

80. FI8T0H-K0DS. 

The piston-rods will be of forged steel, 3j4 inches 
diameter, excepting at ends, where they will he 2% inches 
diameter over threads. They will be turned to fit the 
pistons, with collars, as shown, and fitted each with a 
composition nut at the piston end secured by a screwed 
stop-pin. The nut at the cross-head end will be secured 
by a set-screw. The parallel parts will be smoothly and 
accurately turned. 

Each piston-rod will have, at its seating in the piston, 
a collar 3>4 inches diameter and ^ inch thick, well 
filleted, and recessed in the piston as shown. 

They will be kept from turning in the pistons and 
cross-heads by stop-pins. 

21. CROSS-HEADS AHD QIBS, ANS BRASSES. 

The cross-heads will be of cast-steel. The cross-head 
pins will be conically cored. 

The gibs will be prevented from moving up or down 
on the cross-heads by lips, and will be firmly held to the 
cro.ss-heads by bolts passing through the shoes and tapped 
into the gibs. 

The gibs will be of composition lined with white-metal. 
Their bearing-surface will be 9 inches long and 8 inches 
wide. 

22. CONNECTIVG-KODS. 

The connecting-rods, with their bolts, will be of forged 
steel, finished all over. The caps will be of composition. 

The connecting-rods will be 40 inches long between 
centers, turned 2J4 inches in diameter at small end and 
4 inches at large end, the sides being faced off to a uni- 
form thickness of 2}^ inches. 

The cross-head end of each rod will be forked to span 
the cross-head pins. The brasses will be bored to 3^^ 
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inches diameter to fit pins. Each of the caps will be 
secured by two i^-inch bolts. 

The crank-pin end of each connecting-rod will be in* 
creased in thickness to 4 inches, faced on each side, and 
bored 8 inches in diameter for the brasses. The caps 
will be 2}i inches thick at the crown, each to conform to 
the shape of the connecting-rod end, and will be lined 
with white-metal and properly channeled for oiling; the 
bolts will be iSg inches in diameter; the heads to be 
fitted with stop-pins and the upper ends of bolts to be 
provided with split-pins of ample size outside the nuts. 
The nuts will be of wrought-iron, each with a collar 
recessed into the connecting-rod head and secured by a 
set-screw. The cap-bolts will pass partly through the 
butt brasses. 

In the lower jaw of each connecting-rod two bolts 
will be fitted, passing through the metal of the rods, and 
tapped into the corresponding lip of the brasses to fire- 
vent closing in when heated, each of these bolts being 
secured by a set-screw. 

Composition distance-pieces will be fitted between the 
connecting-rods and caps; they will be so fitted as to be 
removable without taking out the cap-bolts, and will be 
channeled so as to be easily reduced when taking up lost 
motion. 

The caps will each be fitted with two eye-bolts for 
handling. 

Sa CRAKK-PIH BRASSES. 

They will be accurately fitted to the connecting-rods 
and secured as before specified. They will be fitted with 
approved white-metal in strips, accurately fitted to the 
crank-pins, and properly fitted for distribution of oil. 
They will be 1 inch thick, including white-metal, and 
faced with sufficient clearance between crank-webs to 
prevent nipping when heated. 

84. ENOnrE-FRAHEa 

Each cylinder will be supported by three wrought-steel 
columns, except the low-pressure cylinders, which will 
have four, as shown in the drawings. 



All the feet of the columns will be faced to fit the 
planed faces or holes provided for them on the cylinders 
and the bed-plates. 

The columns will be stiffened by steel tie-rods, as 
shown. The lower end of the cross-head guides will take 
hold of a bracket secured to columns. 

y BED-FLATES. 

They will consist, each, of three steel castings, flanged 
and bolted together, as shown. 

The upper and lower flanges will be connected and 
properly stiffened by ribs, as shown. 

The bed-plates will be secured to the engine-seatings 
by J^-inch bolts through the lower flange, as shown in 
drawing, and they will be properly finished and faced for 
crank-shaft brasses and caps and for the flanges of the 
supporting columns. Each jaw will be fitted with an ad- 
justable composition chock for the vertical alignment of 
the shaft. The bed-plates will have facings for the re- 
versing and turning engine, as may be required. 

B. CEASK-8HAFT BRASSES AND CAPS. 

The bottom brass for each bearing will be cylindrical, 
lined with approved white-metal, fitted with ample oil- 
channels. The cap will be of composition, lined with 
white-metal, and fitted with ample oil-channels. The bot- 
tom brass and cap will be faced 5;-^ inches long for all the 
journals, turned and finished to fit the jaws of bed-plate 
and chock, as shown, and accurately bored to fit the jour- 
nals of shaft. The chock will be of composition. Pro- 
vision will be made for circulating water around the butt- 
brasses. Each cap will have an ovat hand-hole for the 
purpose of feeling the journal. This hand-hole will have 
a cover, with handle — the lower part of the cover being 
formed into a perforated tallow-box, reaching to within 
a quarter of an inch of the journal. 

The cap-bolts will be of forged steel, i^ inches in 
diameter, each provided with a collar, as shown. One end 
of each bolt will be threaded and screwed into the engine 
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bed-plate. The other end wiil be threaded and fitted 
with finished wrought-iron collar -nut and set-screw — the 
part beyond the nuts will be squared and each fitted with 
a split-pin. 

The caps and brasses will be tapped and fitted with 
eye-bolts for handling. 

The brasses will be separated by channeled brass dis- 
tance-pieces. 

After the engines are secured in the vessel the brasses 
will be bored out in place to perfect alignment, if re- 
quired. They will also be tried on their shafts and any 
defects made good by scraping to a proper bearing. 

The brasses will be so fitted that the only bearing of 
the journals will be on the surface of the white-metal. 

7. CR<»3S-HEAD GUIDES. 

The cross-head guide will consist of a east-steel bar, 
cored for water circulation, and faced with cast-iron on 
the go-ahead side. When backing the wearing surface 
will be on the cast-.steel bar. It will be bolted to the 
cylinder at the top, and to a bracket carried by the 
columns at the bottom. 

All parts of the guide will be smoothly and accurately 
finished all over, excepting the core made for water cir- 
culation. 

Brass oil-boxes will be provided for supplying oil at 
both ends of guide. 

8. VALVE-OEAB. 

It will be of the Stephenson tvpc, with double-bar 
links. All valves will be worked d'ircct. There will be 
one cross-head for the intermediate-pressure valve-sten s. 
All parts of the valve-gear will be interchangeable. 

The valve-gear will be so adjusted that the mean cut- 
olf in full gear for both ends of each cylinder will be at 

B. ECCENTRICS. 

They will be of cast-steel, each in two parts. 
The two parts of each eccentric will be neatly fitted 
together and secured by two steel bolts. They will be 
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bored out to a snug lit on the crank-shaft couplings and 
turned accurately on the outside to an eccentricity of i 
inches, and will be recessed at each side for the flanges 
of the eccentric-straps. The high-pressure eccentric 
seating will consist of the forward coupling-disk, with a 
disk bolted to it to give it the necessary width. The 
low-pressure eccentric seating will consist of a sleeve of 
the diameter of the couplings, keyed on an enlarged part 
of the shaft. 

The intermediate-pressure eccentric seating will con- 
sist of two crank -shaft coupling-disks. 

Each backing eccentric will be securely keyed on its 
seating, and each forward-motion eccentric will be 
secured to the corresponding backing eccentric by 
through-bolts in slotted holes, the holes to be filled up 
after ttie eccentrics are set. 

The eccentrics will be interchangeable. 

. ECCEKTKIC«rBAn. 

Thej- will be of composition, finished all over, made 
with flanges to fit the recesses ot eccentrics and with lugs 
for the clamping-bolts and for the eccentric-rods. The 
two parts of each strap will be held together by two steel 
bolts with finished heads, lock-nuts, and split-pins, and 
fitted with channeled brass distance pieces. Each strap 
will be accurately and smoothly bored to fit the eccen- 
trics both on face and recesses, and properly channeled 
for oil. All straps will he interchangeable. 

. ECCERTRIC-aODS. 

They will be of forged steel, finished all over. Each 
rod will have a T-head secured to its eccentric-strap by 
two steel stud-bolts with nuts locked in place. The 
length between centers will be 385a inches. 

The upper end of each rod will be forked to span the 
link and fitted with brasses made adjustable, which will 
be interchangeable for all the rods. 

The two brasses in the forks of each rod must be fitted 
accurately in line with each other and smoothly bored to 
fit the link-pins. 
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All go-ahead rods will be interchangeable and all back- 
ing rods will be interchangeable. 

a. m AT TT -T-Tmrn 

They will be of double-bar pattern, of forged steel, 
finished all over. 

They will all have the pins for eccentric- rods forged 
on and finished to not less than lo inches between centers. 
The pins for suspension bars will be placed as shown 
in the drawings, and will be forged on the links. Each 
pair of bars will be secured together by through -bolts, 
and thimbles fitted with finished steel-nuts well secured 
with split-pins. 

All the links will be interchangeable. 

3. LIHK-BLOCK. 

They will be of forged steel, finished all over. The 
blocks will be forged with link-block pins. 

They will terminate at each end in a pair of jaws to 
span the corresponding bar on the link. These jaws will 
be fitted with composition gibs, finished to the curve of 
the links, adjustable by two set-screws, with fine threads, 
at top and bottom. 

4. SVSFEHSION-LIHKS. 

Each Stephenson link will be suspended from the 
corresponding arm of the reversing-shaft by two flat- 
sided forged steel suspension-links. 

The ends of these links will be fitted with composition 
bushings, bored to fit suspension-pins on main links and 
pins on reversing-shaft arms. 

16. TALV£-STEM CB08S-HEASS AND GUIDES. 

The intermediate-pressure valve-stems will have a cast- 
steel cross-head, the cross-head taking hold of the link- 
block directly. The boss of each arm of each cross-head 
will be bored to receive the valve-stem, secured as here- 
tofore specified. The cross-head guides will be cast-steel 
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brackets, bolted to the valve-chest covers on the high- 
pressure and intermediate-pressure cylinders, and to the 
valve-cheat on the low-pressure cylinder. The high- 
pressure and low-pressure valve-stems will take hold 
of the link-blocks directly. 

«. REVERSIVIH}£AB 

The reversing-gear for each engine will consist of a 
steam cylinderandahydrauliccontrollingcylinder placed 
vertically and acting directly on an arm fixed on the 
reversing-shaft. Each will be placed on the outboard 
side of its engine, between the intermediate-pressure and 
low-pressure cylinders, and secured to bed-plate. The 
steam piston-rod will be secured to a steel cross-head, 
working in suitable guides, and connecting with the arm 
on the reversing-shaft. The piston-rod will pa.ss 
through the controlling cylinder with uniform diam- 
eter. The controlling cylinder will be of composition. 
The valve of the steam-cylinder will be of the piston 
pattern, of composition, working in a composition-lined 
valve-chest. There will be a by-pass valve on the hy- 
draulic cylinder, which will be worked by a continuation 
of the stem of the steam piston-valve. These valves will 
be worked b\' a system of differential levers, the primary 
motion being derived from the hand-lever on the work- 
ing-platform and the secondary motion from a pin on 
the reversing-arm, all parts being so adjusted that the 
reversing-engine shall follow the motion of the hand- 
lever and be firmly held when stopped. There will be a 
stop-cock in the by-pass pipe of the hydraulic cylinder, 
and a pump for reversing by hand will be connected 
to the hydraulic cylinder, with its lever convenient to 
the working-platform. The by-pass pipes will pass 
through the valve-box of the hand-pump in such a way 
as to leave the hand arrangement always in gear. The 
piston of the hydraulic cylinder will be packed by two 
cup-leathers. Steam for the reversing-engine will be 
taken from the auxiliary steam-pipe. 



7. BEVERSINO-SHAFTS. 

There will be one forged steel reversing-shaft for each 
engine. It will have five arms, two connecting with the 
reversing-engine and one with each link. The shaft will 
be supported bj- suitable bearings. Each rcversing-arm 
will be made with a slot, fitted with a composition block, 
to which the suspension-rods will be attached. Each 
block will be adjustable in the slot of its arm by a screw 
and hand-wheel with approved locking device, and will 
be fitted with a suitable index. The slots in these arms 
will be so arranged that the links may always be thrown 
into full backward gear irrespective of the position of 
the block in the slot ; and the length of the slots will be 
such that the cut-off may be varied from 0.5 to 0.7 of the 
stroke. All the arms will be neatly fitted and keyed to 
the shafts. 

8. EE7ER8IHG-SHAFT BEARINGS. 

They will be made of cast-steel, with bottom brasses 
and composition caps, and will be securely bolted to their 
supports. Thcv will be bored to fit the journals of the 
shafts. 

The caps will be secured by bolts fitted with lock-nuts, 

8. EXEAU8T-FIFE8. 

A s-J^-inch pipe will lead from the exhaust side of each 
high-pressure valve-chest, with a 5^ -inch branch to each 
end of the valve-chest of the corresponding intermediate 
cylinder. A 7i^-inch pipe will lead from the exhaust 
side of each intermediate valve-chest to the valve-chest 
of the corresponding low-pressure cylinder. 

Each low-pressure cylinder will have a gj^-ineh ex- 
haust-nozzle. 

0. WORKING-PLATFORMS. 

The floor l>etween the engines will be conveniently 
arranged to serve as working- plat forms. The counters, 
revolution-indicators, clock, gauges, telegraph-dials, and 
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other engine-room fittinffs will be so placed near the 
working-platform as to be in full view while working the 
engines. Speaking-tube mouth-pieces and telegraph- 
levers will be conveniently placed. 

41. WOBKDrO-LEVEBB AHS OEAB. 

There will be at working-platform the following hand- 
gear for each engine, viz: 

One reversing-iever; 

Three cylinder drain-cock levers; 

Hand-reversing pump-lever; 

Throttle-valve hand-wheel; 

Bleeder-valve hand-wheel; 

Revcrsing-engine stop-valve hand-wheel. 

All levers will have spring-latches of "locomotive pat- 
tern". The latches on reversing-levers will be of May's 
pattern or equivalent. 

42. SHAFTS. 

All the crank, thrust, and propeller-shafts will be of 
steel. Each length will be forged solid in one piece, and 
will have a hole drilled axially through it from end to 
end. 

All shafts will be finished all over. 

43. CRANK-SHAFTS. 

There will be three secti<ms of crank-shafts for each 
propelling-engine, interchangeable and reversible. Each 
section will have a crank of lo inches throw. 

Each crank-shaft will have a coupling-disk, ly^ inches 
thick and ii inches diameter, forged on each end. 

The length of each section ot .shaft will be 2 feet -j'/i 
inches over all. There will be a journal on each side of 
each crank 5^^ inches in diameter. 

The crank-pins will be 6 inches diameter and 6 inches 
long. The crank-webs will each be 7J^ inches wide and 
4 inches thick; the webs to be chamfered, as shown in 
drawing. The crank-pins must be accurately parallel to 
the main journals. All journals are to be smoothly and 
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accurately turned, and when finished will be tested and 
their accuracy proved. There will be a hole 3 inches in 
diameter bored axially through each shaft and crank-pin. 
When bolted together the cranks will be at angles of 120"^. 

The forward end of the hole in crank-pin will be closed 
by a brass plate fastened on with countersunk screws. 

One radial ,'3-inch hole will be drilled in each crank- 
pin from the outside to the bore. 

The various lengths of the crank-shafts will be coupled 
to each other by lia-inch bolts. There will be six bolts 
in each coupling, all holes being drilled or reamed to tem- 
plate, so that the couplings will match indiscriminately. 
The bolts will be made of forged steel, finished to fit the 
hole snugly, and each fitted with wrought-iron nut and 
split-pin. 

On the after coupling-disk of the crank-shafts there 
will be a worm-wheel for turning the shaft. 

44. THBUST-SHAFTS. 

They will be 5^4 inches in diameter, with a.'s-inch axial 
holes. Each shaft will have seven thrust-collars ij^ 
inches thick, with spaces of i5x inches, the collars to be 
g inches outside diameter. The thrust-shaft will be en- 
larged at the outer end, and bored to receive end of pro- 
peller-shaft, which will be secured to it bv feathers, and 
a screw-coupling. 

46. FROFELLER-SHAFTS. 

The propeller-shafts will each be in two lengths. A 
3-inch hole will he bored in both sections of shaft. 

The forward section of each shaft will be 6 inches 
diameter, cased with composition ,'-3 inch thick. The 
easing will he shrunk and pinned on, and must be water- 
tight. The casings must be accurately and smoothly 
turned to form journals. 

The after end of forward section will have a coupling- 
disk forged on. 

The after section will be 6 inches diameter, cased with 
composition ,'i inch thick where it passes through the 
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bracket-bearing, iip to and beyond the tapered casing, 
and will enter i inch into the propeller- boss. It will have 
forged on the forward end a coupling-disk. 

The after end will be tapered to fit the bore of the 
propelier-boss, and will be fitted for two feather-keys. 

There will be a water-tight plug in the after end. 

The hole in this section of the shaft will be 5 inches 
diameter, except in that part passing through the propel- 
ler-hub, where it will be tapered so as not to reduce the 
thickness of the metal around the hole. 

The two lengths of each propeller-shaft will be coiipled 
to each other by six bolts, with heads and nuts made 
perfectly water-tight when set up. The bolts will be 
fitted with nuts locked in place. 

There will be at the forward end of the after section 
of each propeller -shaft a cast-steel casing to form a fair 
water-line from the end of the stern-tube to the shaft. 
The casing will be finished on the outside and bored to 
fit the shaft and couplings. 

The shaft, couplings, and casings will be well coated 
with the same composition as the hull. 

S. LOBBICATION. 

All working parts of the machinery will be fitted with 
efficient lubricators, each with a suflScient oil capacity 
for four hours' running. Each main crank-pin will have 
a centrifugal oiling device on the after face of the crank, 
made of composition, and fastened to the crank by coun- 
tersunk screws. Each centrifugal oiler will be fed by a 
pipe leading from a fixed sight-feed cup in an accessible 
position. Each main crank-pin will also be oiled by cups 
carried on the cross-head, taking oil from wicks over- 
head : the oil to be carried to the crank-pins by brass 
pipes secured to the connecting-rods. These pipes will 
have union joints where connected to oil cups. 

There will be a small oil-tank, with glass gauge, placed 
in a convenient position, and connected by pipes with a 
closed oil-box at each crank-shaft bearing, so that, when 
necessary, oil can be supplied to the journals under a 
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head. From each of these boxes two tubes will lead to 
the bearing, each with valve adjustment, and with a sight- 
feed with a well-protected glass tube. 

Each main cross-head journal will take oil from an 
overhead wick-cup. 

Each cross-head guide will be oiled by dragglers taking 
oil from a cup at the bottom, and will have an oil-cup at 
the top. 

There will be a globe oil-cup for each piston-rod and 
one for each end of each valve-stem ; also one for each 
valve. These will be placed sufficiently high to insure 
the oil running where desired without regard to the trim 
of the vessel. 

Each eccentric will have a long oil-cup fed by a drip- 
pipe, so arranged that the eccentric will be lubricated in 
all positions. The upper end of each eccentric-rod will 
carry a wiper oil-cup on each fork, these cups to take oil 
from wicks in cups easily adjusted to the various posi- 
tions of the gear. 

There will be fitted to each main steam-pipe, close to 
valve-chest, a Detroit or equivalent steam sight-feed oil- 
cup of one quart capacity, with gauge-glass. As far as 
possible all the oil for the moving parts of each engine, 
except main bearings, will be supplied from one oil-box 
on the cylinder, with separate valve, sight-feed, and pipe 
for each part to be oiled. There will be steam sight-fetd 
cups on the circulating, each blowing, main-feed, air- 
ptimp, and bilge-pump engine. Each auxiliary engine 
will have a continuous automatic lubricator of approved 
pattern. All working parts for which oil-cu])s are not 
specified or shown in drawings will have oiling-gear of 
approved design, such that they can be oiled without 
slowing. Moving oil-cups, where necessary, will have 
removable covers. The supply of oil to various ])arts is 
to be easily regulated. All oil -cups and their fittings, 
except such as are cast on bearings, will be of finished 
cast-brass, or of sheet-brass or copper, as may be directed, 
with all seams brazed. 
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47. 0IL-DBIF8. 

All fixed bearinjj^s will have drip-cups cast on where 
possible, otherwise they will be of cast-brass, properly- 
applied. All moving parts will have drip-cups or pans 
cast on engine-frames where directed, otherwise to be 
substantially made of sheet-brass or copper, with brazed 
seams. All drip-cups will have drain-pipes and cocks of 
at least *4 inch diameter, which can be used while the 
engines are in operation. 

48. JOUBHAL-BOXES. 

All journals or moving parts of iron or steel will run, 
unless otherwise specified, in composition boxes. These 
boxes will be lined with approved anti-friction metal 
where directed. All adjustable bearings will be pro- 
vided with channeled-brass chipping-pieces, securely held 
in place and easily removable. 

48. MAHDBELS FOB WHITE-METAL BEABIHGS. 

Hollow cast-iron mandrels will be furnished for forming 
the white-metal linings of crank-pin, crank-shaft, line- 
shaft, and thrust-bearings. All these will be smoothly 
and accurately ttirncd to size, and packed so as to be per- 
fectly protected. 

W. STUEFIHG-BOXES. 

All iron boxes will he bushed with composition. All 
glands will be of composition and fitted with approved 
means of adjustment while the engines are in operation, 
and those not fitted with pinion-nuts and spur-rings will 
have lock-nuts and split-pins. Metallic packing of ap- 
proved kind, and equal in all respect to Watson's, will be 
fitted in stuffing-boxes of all piston-rods and valve-stems 
of main and auxiliary engines over 1^4 inches diameter. 
Stuffing-boxes of piston-rods and valve-stems between 
J4 and 1 3^ inches diameter will be fitted with metallic 
packing of Katzenstein's pattern, or equivalent. 
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51. BOLTS ASD VITTB. 

All bolt-heads and nuts less than 2 inches, except in 
special cases, will conform to the United States Navj- 
standard. Screw-threads on bolts and nuts must in all 
cases conform to the above standard. All finished bolts, 
except as directed, will be kept from turnintj by dowels 
or other suitable devices. 

The nuts of all bolts on moving parts and on pillow- 
blocks, and elsewhere as shown, will be fitted with 
keepers, and the bolts will extend beyond the nuts, 
without threads, and fitted with split-pins. 

fiS. THRVST-BEARIVOS. 

The bearing will be in two parts, of cast-inm, with 
white-metal lininjfs. The lower part will be planed to 
fit the bed-plate. The cap will be faced to fit lonfjitu- 
dinal recesses in the upper flanges of bearing, and will 
be held down by wrought-iron bolts. Each cap will have 
a box cast on top, with a hinged cover. There will also 
be projecting lugs on cap and bearing fitting snugly and 
taking the end-thrust of the cap. 

The core of the bearing will form an oil-trough, from 
which there will lead an oil-hoIc to each collar and each 
recess, the white-metal being properly channeled for 
distribution of oil. Both forward and abaft the thrust- 
collars will be a composition bearing for taking the 
weight of the shaft. The cap for this bearing will be of 
cast-iron lined with white-metal. These bearings will 
be adjustable vertically by wedges with regulating- 
screws. 

At each end of each thrust-bearing there will be a di- 
vided stuflSng-box and gland to prevent escape of oil. 
At the bottom of each thrust-bearing there will be a fore- 
and-aft channel connecting all the bearing recesses: a 
drain-cock to he fitted at each end. 

The oil-trough will also be fitted with a cooling coil. 
The adjusting, both fore-and-aft and athwartship, wilt 
be done by means <)f wedges bearing against lips on the 
bed-plate. The caps will be fitted with eye-bolts for 
convenience of handling. 
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53. JACKS FOE G0UPLIHGB0LT8. 

A hydraulic jack of approv^ed pattern will be fitted 
for withdrawing the bolts of the shaft-couplings. 

84. 8TEEH-TUBE STUFFING-BOXES. 

At the forward end of each stern-tube there will be a 
composition stuffing-box, made in halves, divided longi- 
tudinally. It will be bolted to the flange on the forward 
end of the stern-tube bushing. The two parts will be 
bolted together along the longitudinal division by proper 
flanges. The follower will be of composition, in two 
parts, with a space of ij^ inches between the parts on 
each side. The packing spaces will be about 6 inches 
deep and i inch wide. 

The follower-bolts will be of naval brass. To each 
stuffing-box, abaft the packing, a i-inch pipe will be 
attached, leading to the engine-room bilge. It will also 
be connected with the engine-room water-service pipes, 
and will be provided with valves, so that the bearing can 
be drained into the bilge or washed out by water from 
the engine-room pump at will. 

55. STEEK-TUBE BEAEIHGS. 

The forward section of propeller-shaft will be sup- 
ported in the stern-tube on three bearings, one at each 
end of the tube and one at the middle, lined with lignum- 
vit^e strips, bored in place to ])erfect alignment. 

In the stern-tube will be riveted six cast-steel rings of 
U-section, arranged to properly support the composition 
lignum -vita:?-lined bearings. 

The middle and outer bearings will be contained in tl.e 
same tube, secured in place by a flange bolted to the 
outer steel ring. 

The lignum-vita? will be placed in strips in the bear- 
ings, so arranged that the bearing surface will be on the 
end of the wood, and held in dove-tailed grooves by suit- 
able collars at each end. The lignum-vita* to be bored, 
after being well water-soaked, to a loose flt on the shaft. 

3755 — 5 
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The inner lignum-vitie bearing to be arranged so as 
to be withdrawn by removing the inner stuffing-box. 
The middle and outer bearing-tube to he withdrawn 
<mt board. 

These tubes to be divided longitudinally in halves. 

56. STERN-BRACKET BEARINGS. 

Each stern-bracket bearing will have a neatly-fitting 
composition lining, made in halves, divided longitudi- 
nally. The internal diameter of the boss will be such 
that, when the bushing is removed, the after section of 
propeller-shaft can be sufSeicntly inclined to have its 
forward coupling clear the coupling of the next section 
of shaft. It will have a lignum-vita: bearing, fitted as in 
the stern-tuhe. The lignum-vitie will be held in place 
at the after end by a fiat ring bolted to the lining. A 
cast-steel sleeve, Yi inch thick, will be secured to each 
stern-bracket by four ^-4 -inch screws, to form a fair water- 
line to the propeller -boss. At the forward end of each 
bearing there will be a composition sleeve, ,'j inch thick, 
secured to and supported by an extension of the lining 
before mentioned. This sleeve will be shaped to form 
a fair water-line from the shaft to the stern-bracket 
boss, and will be finished on the outside. 

57. SCREW-PROPELLERS. 

They will be of manganese-bronze or approved equiv- 
alent metal. The starboard propeller will be right and 
the port one left-handed. Each blade will be firmly 
bolted to the boss by tap-bolts of naval brass, secured by 
lock-plates. The recesses for the bolt-heads will be 
covered by composition plates held by countersunk 
screws, and finished to form a smooth surface fair with 
the boss. The holes in the flanges of blades will be ob- 
long, so as to allow adjustment of pitch. 

Each boss will be accurately b<)red to fit the taper on 
after end of shaft and fitted with two fcathcr-keys. Each 
propeller will be held on the shaft by a nut screwed on 
and locked in place. The shaft -casing will enter about i 
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inch into the propeller-boss and be fitted water-ti^ht 
Each boss will be finished at the after end by a compo' 
sition cap bolted on water-ti^ht. The bosses and caps 
will be finished all over. The blades will be cast as 
smoothly as possible and have any roughness removed. 
The flanj^es of the blades will be turned and faced to fit 
the recesses in the bosses Accurately, and, after being 
secured in place, must have the edges made fair. 

58. GOHDEHSER. 

The main condenser will be cylindrical, 4 feet internal 
diameter, cast of composition, not over j"jj inch thick. 

There will be the following openings in the condenser, 
each with properly faced fianges, viz: 

Two for main exhaust-pipes, g-y^ inches diameter: 

One .6 inches diameter for air and circulating-pump 
exhaust-pipe, the auxiliary machinery, and the bleeder; 

One for air-pump suction-pipe, 7 inches diameter: 

One 6-inch hand-hole, with nozzle for salt-feed spray 
and soda-cock in the ccn'cr: 

One 7-inch hand-hole in the air-pump suction-nozzle, 
to be used for cleaning out condenser. The cover on 
this hand-hole will have a nozzle ff>r boiling-out pipe. 

The main condenser will have the flange at each end 
extended to secure it to the supj^orting-brackcts. There 
will also be brackets on the side of condenser, wliich will 
bv means of additional brackets be secured to the air- 
pimip frames. 

The condenser tube-sheets will be made of com])osi- 
tion, "8 inch thick, with smoothly finished holes for the 
tubes, tapped and fitted with screw-glands for packing 
the tubes. There will be a hand-hole at the lower part 
of each tube-sheet. The glands will be beaded at outer 
ends to ])revent tubes from crawling, and will be slotted 
to admit a tool for screwing up. Cotton-tape packing 
will be used. There will be 1,772 seamless-drawn brass 
tubes, 5« inch outside diameter. No. 20 B. W. O. in thick- 
ness. The tubes will be 6 feet 13*2 inches long between 
tube-sheets, and will be spaced j j; inch between centers. 
The cooling surface will be about 1,820 square feet, 
measured on the (mtside of the tubes. 
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The condenser-shell will have flanges to connect with 
the tube-sheets. The tube-sheets will be secured to the 
flanges of the shell by naval-brass collar-bolts, which 
will also be used for fastening the circulating-water 
chests. 

The chest for entrance and exit of circulating water 
will be made of composition, with a divasion-plate in the 
middle and with a man-hole. The inlet and outlet-noz- 
zles will each be 6 inches in diameter of opening. 

The water-chest at the other end of the condenser will 
be cast as shown. It will have a man-hole. There will 
be two stav-bolts to connect the water-chest to the tube- 
sheet. 

There will be two braces of rolled naval brass connect- 
ing the tube-sheets, each 3/^ inch in diameter, and each 
passing through a stay-tube i V- inches external diameter 
and ]% inch thick. 

Baflle-platcs of brass will be fitted, as shown, to direct 
the steam over all the tubes. Plates will be provided for 
supporting the tubes and to act also as baffle-plates. In 
front of the main exhaust-nozzle, above the tubes, will 
be a deflecting-plate, supported as shown. 

A copper tank, pipe, and a cock will be provided for 
admitting an alkaline solution into the condenser — this 
pipe to connect with the salt-feed spray; the tank to be 
of at least 5 gallons capacity and conveniently placed. 
A I -inch branch from the auxiliary steam-pipe will lead 
to the bottom of the condenser for cleaning the tubes by 
boiling. Drain-cocks will be provided with pipes lead- 
ing to the bilge. 

All parts of the condenser, except as otherwise s])eci- 
fied, will be made of composition. All bolts to be of 
naval brass. All bolts for securing flanges of pipes and 
man-hole plates will be standing bolts, and will, wherever 
possible, be screwed into the condenser-plates, with heads 
inside. The condenser must be perfectly tight all over 
and be so proved after being secured in place. 

There will also be an auxiliary conden.ser of approved 
design, of a sufficient capacity for all the auxiliary 
machinerv. 
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59. AIR-PUMP. 

There will be a sinf^lc-actin^ vertical air-pump, driven 
by a two-cylinder vertical inverted compound en^i^ine. 
Each steam-cylinder will be carried by two cast-steel 
•frames supported upon brackets on the air-pump cylin- 
ders. Each of these frames will have bolting-flanges at 
top and bottom, and will serve as guides for the cross- 
head. The inside frame of each engine will form one of 
the crank-shaft bearings. All the frames will have faces 
for bolting to the condenser. 

There will be one engine-cylinder over each pump-cyl- 
inder. Each pump piston-rod takes hold of the cross- 
head as shown. 

At the middle of the crank-shaft will be a cast-iron 
balance-wheel, made in halves and bolted together. 

The crank-shaft will have two bearings, and will have 
an overhanging crank for each engine, each connecting- 
rod taking hold of the cross-head inside of the piston- 
rod. 

The cranks will be at an angle of 135 degrees to each 
other. All parts of the pumps, except where otherwise 
specified, will be made of composition. 

Each air-])ump will have a piston working in a cylinder 
of 12 inches bore. The pump-cylinders will be cast sep- 
arate, and each will be bolted to a casing c(mtaining its 
foot-valves. The deli very- valve chambers are cast in 
one with the pump-cylinders. The stroke will be 12 
inches. The pump-])istons will be cast flanged, the 
flange being grooved for water-packing, as shown. The 
])ump piston-rods will be made of rolled phosphor-bronze 
or approved equivalent metal. There will be nine foot- 
valves, six valves in each piston, and six delivery-valves 
for each pump, all 3 inches in diameter, made of approved 
metal. 

Each valve will be held in place by a guard and a 
spiral spring of phosphor-bronze or a])proved equivalent 
metal. The valves and guards must be easily removable 
and held firmly in place. The foot-valve seats will be 
in inclined positions at the bottom of the pumps, and 
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the delivery-valves horizontal at the hi^^^hest parts of the 
pump-chambers. There must be no pockets in the pump- 
chambers underneath the deli very- valves where vapor 
can lod^i^e. The jafratin^s of the valve-seats must be so 
arranged that the clear openinj^ of each valve shall be at 
least 5. f 2 square inches. The bonnets will be well ribbed, 
iis shown, and provided with jack-bolts and eye-bolts. 
There will be one suction-nozzle, 5 M' inches in diameter. 
A 7-inch copper pipe will lead fnmi the bottom of the 
condenser and be breeched, there bein^ a 5 * j-inch branch 
for each pum])-cylinder. Each of these branches will 
have a straij^ht way- valve. 

The engine-cylinders will be 534 and 11 inches bore, 
respectively. The cylinders, with their valve-chests, 
valve-chest covers, and slide-valves, will be made of cast- 
iron. The hi^h-pressure and low-pressure valve-chests 
of each cT^j^ine will be connected by a copper pipe 2 
inches in diameter. 

The steam-pistons and all cylinder-covers will be made 
of cast-iron. The ])ump-cylinder covers will be made in 
halves and boiled together, as shown. 

The crank-shafts, steam piston-rod.s, valve-rods, cross- 
heads, and connecting-rods will be made of forced steel, 
the piston-rod and cross-head beinjL^ in one piece. The 
pistons will be fitted with cast-iron ])ackinj^-rinj^s. 

The crank-shafts will be 2^j inches diameter, tapering 
from the center, as shown, with bearinjj^s 5 inches lon,i^. 
Each crank-pin will be 3 inches diameter and 2 inches 
lon^^": next to the web, and at the end of the pin it is re- 
duced tc) a diameter of 2 ' j inches, as shown. Each cvlin- 
der will have a slide-valve, worked through ^ear, as 
shown. 

The engine will take steam from a branch of the 
main stcam-pi])e, with a stop-valve havinj^ a hand-wheel 
at the W()rkin}4:-])latform, and will exhaust by a special 
pipe into the condenser, and there will also be a pipe 
throu<^h which it can exhaust into the low-piessure 
receiver. 

The air-])um]), together with its condenser, must main- 
tain a vacuum of within 4 inches of mercury of the 
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atmospheric barometer with the propelling-engines at 
full power under forced draught. 

eO. CI&CULATIHO-PUMP. 

There will be a double-inlet centrifugal circulating- 
pump for the main condenser, driven by an inclosed 
multi-cylinder engine. The pump must be capable of 
discharging 2,600 gallons of water per minute from the 
bilg^e. The pump will be made of composition, except as 
otherwise specified. The pump-casing will be made in 
two parts, divided in a horizontal plane, the upper part 
with conveniences for handling. The suction-nozzle wil 1 
have an opening for sea-suction of not less than 6 inches 
diameter, and a 6-inch opening for bilge-suction. The 
pump-runners will be smoothly cored, finished on the 
outside, and perfectly balanced. The shafts will be of 
phosphor-bronze or approved equivalent metal. The 
bearings will consist of sections of lignum-vita; on end of 
grain, dovetailed into composition split-sleeves, which 
will be well secured against turning. The stuffing-box 
glands will be each in two parts. There will be an air- 
cock at the top of the pump-casing and a drain-cock at 
the bottom. The pump-casings must be made as light as 
possible consistent with strength, and must be smoothly 
cored, with easv bends wherever the direction of the flow 
of water is changed. 

61. CIRCULATING-PUMP ENGINE. 

It will be of the inclosed multi-cylinder type, of ap- 
proved pattern, of sufficient power to secure the results 
above s])ecified. The engine-valves must be of either the 
slide or piston type. 

62. CIRCULATING-PUMP CONNECTIONS. 

The circulating-pump will be fitted with pipes and 
valves to draw from the sea or engine-room bilge, and 
will deliver into the condenser; or direct to the outboard- 
delivcry pipe by a pipe connecting inlet and outlet of 



32 

condenser. There will be a straightway valve in the in- 
let-pipe, the outlet-pipe, and the pipe connecting the in- 
let and outlet pipes. 

The injection and delivery pipes for condenser circu- 
lation will be not less than 6 inches internal diameter. 

There will be stop-valves in the pipes leading from the 
sea and from the bilge to the circulating-pump. These 
valves will be so connected by a locking device that when 
one is open the other is shut. 

68. SEA-nrJECTION VALVE. 

There will be a straightway screw main injection- 
valve of not less than 6 inches diameter in the engine 
compartment. 

There will be a strainer at the ship's side. The hand- 
wheel of this valve must be easily accessible above the 
engine-room floor-plates. 

There will be a i-inch steam-pipe leading from the 
auxiliary steam-pipe to the injection-pipe outside of in- 
jection-valve. This pipe to have a valve at each end. 

84. BUOE-INJECTION VALVE. 

It will be as specified under the head of ** Bilge-suction 
pipes." 

65. OUTBOARD-DELIVERT VALVE. 

There will be in the engine compartment a main <nit- 
board-delivery valve of the same size and type as main 
injection-valve. The hand- wheel will be accessible from 
the engine-room. 

66. FEED-TANK 

There will be a feed-tank placed as shown in the draw- 
ing. It will have a capacity of about 270 gallons. It will 
be made of i\-inch wrought-iron. It will be stayed inter- 
nally as may be directed. The tank will have at least 40 
cubic inches of rolled-zinc plates, about 'j inch thick, sus- 
pended from the braces. The straps suspending the zinc 
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plates and the braces where the straps come in contact 
will be filed brijjfht before fitting. The parts to be then 
well painted on the outside, or the joints to be made 
water-ti^ht in other approved manner. A portion of 
the tank will be fitted as a filter, into which the water 
from the air-pump will be delivered. The filter will 
be provided with approved filtering material, and so 
arranged that the water will rise through it. and that the 
filtering material will be readily accessible. The tank 
will have a man-hole with bolted cover, and will have a 
glass water-gauge with suitable guards, shut-ofF cocks, 
and drain-cocks. 

The tank and filter will have the following pipe connec- 
tions : A discharge-pipe from the air-pump; an overflow- 
pipe leading to bilge, but so arranged that any water 
passing down it may be seen; a suction-pipe to feed- 
pumps, with valve; drain-pipes from traps, as elsewhere 
specified; a vapor-pipe, 2 inches diameter, of copper. 
No. 16 B. W. G. The vapor-pipe will lead up the engine- 
room hatch and discharge above the level of the awnings, 
where it will have a suitable hood, or it may be led into 
the main escape-pipe. The feed-pump suction will be 
provided with a balanced valve operated by a copper float 
in the feed-tank, so arranged that it will allow no air to 
enter the feed-pipe. All trap-discharges and drains will 
enter the feed-tank well below the ordinary water-level. 

67. FEED-TANK SUCTION-PIPES. 

xV suction-pipe will lead to the main and auxiliary feed- 
pumps. The auxiliary feed-puni]) will have its suction 
join the main feed-suction. A non-return valve will be 
fitted in this pipe close to auxiliary feed-pump. 

68. SUCTION-PIPE FROM BOTTOM OF CONDENSER. 

From each air-pump channel -way below the foot- valves 
a i?'4-inch pipe will lead to the main feed-pump suction- 
pipe, with a screw-down non-return valve. 



69. 8EA-8VCTI0N PIPES. 

A pipe will lead from the sea-suction valve in the en- 
jfinc-room to the fire and bilge-pump, the auxiliary- 
pump, the auxiliarv feed-pump, and the circulatinjf-pump 
for auxiliary eondenser. A pipe will also lead from a 
special sea-valve, fitted where directed, to the distiller 
circulatinif-pump. Each of these pipes will be of the 
same bore as the twztAc on the pump with which it con- 
nects. Each sea-suction will be controlled by a valve 
which will not permit sea-water to enter any of the 
biljfe-suetion pipes or the feed-tank suction-pipe. 

70. BILGE-SUCTION PIPES. 

There will be the follnwinjf suction-pipes from the 
bilge to the various pumps: 

A 6-inch copper pipe will connect to the circulatinjj- 
punip, with a valve close to the pump, as before specified. 
This pipe will connect directly with the bilge, with a 
non-return valve which can he lifted from its scat by 
means of a sliding-stcm, but without mean.s of fastening 
it shut except by lashing the lever. by which its stem is 
worked. 

The bilge-suction pipe will have a strainer. 

There will be provided in the engine-room a manifold 
or suction-box, with the following connections, viz: 

A pipe of sixe of suction of fire and hilge-pnnii> lead- 
ing from the lowest part uf the compartment abaft the 
engine-roiim; 

A pipe of size of suction of fire and bilge-pump from 
the engine-room bilge: 

A pipe to the fire and bilge-pump of the size of fire 
and bilge-pump suction. 

All these pipes will be provided with screw-down non- 
return valves. A Macomb bilge-strainer will be inserted 
in the pipes between the box and pump. 

There will be no strainers or valves in any of these 
pipes other than those herein specified. 

The auxiliary feed-pump will have a suction-pipe of 
the full size of its suction-nozKle, connecting with the 
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bilj^c, as may be directed. The auxiliary feed-pump 
will also have suction-pipes leadinj^ to the main air- 
ducts. The suctions to each pump will lead to a valve- 
box and strainer fitted as before specified for the suctions 
to the fire and bil^e-pumps. 

The lower ends of all bil<^e-suction pipes will be of 
galvanized iron. Care will be taken that all the copper 
bil)3^e-pipes are led sufficiently hi^h to keep them out of 
the bilj^i^e- water under ordinary circumstances. 

71. FIRE AND BILOE-PUMP. 

There will be in the engine-room a pum]) of approved 
design, which will be used as a fire and bil^e-pump. 
It will have a capacity of 250 gallons ])er minute, with 
steam cylinder of suitable size to work as a fire-pump 
with steam of 60 lbs. ])ressure. This pump will have 
suctions from the sea and the bilge as may be directed, 
and will deliver into the fire-main and overboard. 

72. ENGINE-ROOM AUXILIART PUMPS. 

There will be in each engine-room an auxiliary pimip 
of approved ])attern, of 100 gallons ca])acity per minute, 
and with cylinders of ])ropcr proportion, to be used as a 
fire-])ump with steam of 60 lbs. pressure. This ])ump 
will have suction from the .sea only, and will deliver into 
the engine-room water-service ])ipes and fire-main only. 

73. ENGINE-ROOM WATER SERVICE. 

There will be in the engine-room a j-inch pipe con- 
nected with a .sea- valve and with a si)ev.'ial delivery 
from the auxiliary pump, with branches leading to the 
different parts of each engine, as follows : 

A >V-inch branch connected bv a union-ioint with a 
pipe screwed into the cap of each crank-shaft bearing, 
and leading through brasses to top of journal ; 

A -<4-inch branch to the bottom brass of each crank- 
shaft bearing; 

Two 3'4-inch pipes to each crank-pin ; 

Two »i.-inch pipes to each cross-head ; 
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One 3^ -inch pipe to each ^o-ahead cross-head guide ; 

One J<^-inch pipe to each pair of eccentrics ; 

One i-inch pipe to each thrust-bearing" ; 

One ^-inch pipe to each line-shaft bearing ; 

Two ^-inch pipes to air-pump engine and to the cir- 
culating-pump engine. 

All of the above to have detachable sprays or short 
lengths of hose, as directed, and where directed to have 
pivoted nozzles. 

Each branch will have a separate valve. 

All the water-service pipes and fittings above the floors 
will be of polished brass. 

74. TURNING-ENGINE AND GEAR. 

There will be in the engine-room a double engine of 
suitable size for turning the main engines with steam of 
6o lbs. pressure. This engine will drive by worm-gear- 
ing a second worm, which may be made at will to mesh 
with a worm-wheel on either propelling-shaft. The 
worm-wheel of each engine will be fitted cm the after 
crank-shaft disk. 

The turning-engine .shaft will be fitted with a ratchet- 
wrench, of approved design, for turning by hand. 

The turning-engine will have piston-valves, and will 
be made reversible by means of a change-valve moved 
bv a screw and hand-wheel. 

The turning wheels will be of cast-steel with cut teeth. 

75. SECURING ENGINES IN VESSEL. 

The engines will be adjusted and aligned upon the 
engine-kecLsons. and when accurately in line snugly- 
fitting wrought-iron washers will be fitted around all 
holding-down bolts. The holding-down bolts will be 
firmly set up and bolts and nuts locked in place. 

When finally secured all shafting must be accurately 
in line, with the vessel at load-draught and ordinary 
stowage. 

All parts of the machinery and boilers will be secured 
in an approved manner, to prevent displacement when 
the vessel is used for ramming. 
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76. STEAK AND VACmTH-OATTOES. 

There will be the foliowing gauj^es, in polished brass 
cases, suitably engraved to show to what they arc con- 
nected; all to be of approved pattern and equal to "Lane's 
improved," with seamless tubes: 

One on eaeh boiler; 

One connected to each main steam-pipe; 

One connected to eiieh intermediate valve-chest; 

One connected to each low-pressure valve-chest; 

One eimnccted to each condenser. 

All the above will have 8'-i-ineh dials: those in engine- 
room to be at the wtirking-platform. 

Also the following with 4,''3-inch dials: 

One on auxiliary steam-pipe in engine-room and fire- 
rooni: 

One on eaeh circuit of radiator-pipes, near the rediic- 
inn-valvL.. 

The gauges on valve-chests wilt in; plainly marked 
with the limit of pressure permissible. The gauges on 
intermediate and low-pressure valve-ehests will indicate 
both pressure and viieunm. 

A mercurial vacuum-gauge will be connected to eaeh 
e<mdenscr, 

77. THERHOHETERS. 

There will be the following thermometers — all t<) lie 
]>ermancnt fixtures, with their stems and bulbs protected 
by brass covers; the casings and fittings to be of polished 
brass: 

One on hot-well; 

One on feed-tank: 

One on main feed-i>i[>e in fire-room; 

One on main iniection-])ipe; 

One on main outboard-delivery pipe; 

One on each main steam-pipe close to engine. 

The hot-well and feed thermometers will be so fitted 
as t<i waste no feed-water. 

There will also be furnished; 

Two spare water-thermometers complete; 

Six Sparc steam -thermometers complete; 
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Two standardized thermometers, graduated on stem 
and reading to ^ degree Fahrenheit; stems to be at least 
20 inches long; each thermometer to be in a rubber-lined 
brass case, and each case to be suspended by springs in 
a suitable permanent locked case in engine-room. These 
thermometers must be equal to those made by H. J. Green, 
and he accompanied by certificates of standardization. 

76. SEVOIDTIOH-IKDICATOBS. 

They will be of such approved pattern as shall not be 
atTectcd to a perceptible degree by the motion of the ship 
or by changes of temperature. They must be worked off 
the engines by positive motions, and must be so fitted 
that ciiangcs «f engine speed shall not produce violent 
fluctuations of the indices. There will be two in the 
engine -room, ime to show the speed of each propeller. 

78. aEVOLUTION-COUNTEES. 

They will be of the eontinnous rotary type, to register 
fnmi 1 to 1.000,000. each worked by positive motion: each 
to be in a polished l)rass case. There will be fitted: 

One t'i'r each main engine; 
:■ for main air-pnmp; 
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80. £1TGIN£-R00H TELEGRAPHS. 

A re])catiug-tclegraph of apjirovcd pattern will be 
fitted for each cn;.;inc with its dial at the workiii^-pI;tt- 
form. and cnnnectcd to transmitters in conning-tower. in 
wheel-house, and on bridge. The connections are to be 
made in snch nianner thai the chance of derangement 
shall be minimized, 

81. SFEAKINO-TUBES. 

They will he made of copper not less than No. 20 B. 
W. (i. They will connect the engine-room with the fire- 
room; the engine-room to thcpilot-h(nise, eonning-tower. 
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bridge, and to the chief engineer's room; the fire-room 
with the upper deck close to the top of the ash-hoist, and 
elsewhere as required. Each tube will be fitted at each 
end with a mouth-piece and approved annunciator; the 
mouth-pieces to be connected to short flexible pipes 
where required. All mouth-pieces or pipes will be plainly 
marked. The tubes will be suitably cased where neces- 
sary. 

32. ENOINE-INDIGATOES. 

An indicator connection will be made to each end of 
each cylinder of main engines, and to each end of each 
steam and water-cylinder of air-pump, as near as possible 
to the bore of the cylinder, and so as to be easily acces- 
sible. Each indicator on cylinders of main engines, when 
in place, will be connected to but one end of a cylinder. 
The connecting pipes will be i-inch bore, without bends 
The indicator-motion of each engine and air-pump will 
be so fitted that both indicators on its cylinder can be 
connected at the same time." The motions of the indi- 
cator-barrels must be accurately coincident with the 
motion of the corresponding pistons, and such as to give 
a motion of not less than 4 inches. The steam-cylinders 
of all auxiliary engines will have holes tapped for indi- 
cator-fittings, and then plugged. These engines will have 
portable indicator-motions fitted, then removed and suit- 
ably marked and stowed. Where auxiliary engines are 
duplicated but one set of indicator-motion fittings need 
be supplied for all of each kind. 

Six indicators will be furnished for the engine-room. 
Each indicator will have two springs of approved scales. 

The indicators will be of approved type, with detent- 
motion and with adjustable tension to the barrel-spring. 
They will be nickel-plated, and will be complete with all 
attachments. One extra cock-attachment will be fur- 
nished with each indicator. Each indicator will be in a 
separate locked case; each case to be suitably marked 
on a brass plate, and each case to be conveniently stowed. 



Sa EHOIHS-BOOU DESK. 

A black-walnut desk of approved pattern, with locked 
drawers, and with a locked cabinet of pigeon-holes, will 
be fitted in the cnghie-room where directed. 



There will be in the en}f inc-roora. close to the counters, 
an eij(ht-day clock of approved pattern, with second-hand, 
in a polished brass case, with 8!{>-inch dial. 

There will be in the fire-room a similar clock, with an 
outer dnst-tight ca.sc with heavy plate-glass. 

86. VEHTILATIHO-FANS. 

An exhausting fan with a capacity of at least i.ooo 
cubic feet of air per minute will be fitted in the engine- 
room. Air-ducts will be led to this fan with adjustable 
1 openings so arranged as to thoroughly ventilate the 
engine-rooms and shaft-alleys: the air to be discharged 
thnmgji ducts arranged as may be directed. 

Kach fan will be driven by an independent engine of 
the .same kind as specified for the fire-room blowers. 



There will be two straightwav fire-tubidar boilers. 
The outside diameter will be about H feet 9':. inches, and 
the length about 17 feet. 

The total grate-surface will be about ;8 square feet, 
and the total heating-surface about 1,640 square feet. 

The boilers will be placed as shown. 

87. BOILER MATERIAL. 

All plates ii.sed in the construction of the boilers will 
be open-hearth steel. The rivets will be of open-hearth 
or Clapp-(irifllith's steel. All material will be tested as 
elsewhere .specified. 



88. BOILEB-SHELLB. 

They will be made of %-iiich plates, the shell of each 
boiler to be made in two rings ; each ring of two plates. 

89. BOILEB-HXASS. * 

Each head of each boiler will be made of two plates. 
The upper plate of each head will be ^ inch thick, curved 
to a radius of 2 feet 6^ inches at the front and 2 feet 6 
inches at the back. The lower plate of each head will be 
% inch thick. The heads will be flanged inwardly at 
circumference and outwardly at the furnaces. The heads 
at the back end will be stiffened by vertical T-bars, as 
shown in drawings. 

90. BOILER-TDBE SHEETS. 

They will be % inch thick. Each pair of tube-sheets 
must be accurately parallel. All tube-holes will be 
slightly rounded at the edges; The holes for stay-tubes 
will be tapped in place. 

91. BOILER-TUBES. 

They will he of steel, lap-welded and drawn, equal to 
the best in the market, and subject to the approval of the 
Bureau of Steam Engineering, There will be 56 stay- 
tubes and 258 ordinary tubes in each boiler, 6 feet loj^ 
inches long between tube-sheets. All tubes will be two 
inches external diameter, except where otherwise speci- 
fied. The ordinary tubes will be No. 14 B. \V. G. in thick- 
ness, and will be swelled to 2-,'n- inches external diameter 
at the back ends. The front ends will be expanded in 
the tube-sheets, beaded over into a counterbore in the 
tube-sheets, and will be protected from the action of the 
flame by rings driven in place. Any other manner of 
securing and protecting tubes miist be approved by the 
Bureau of Steam Engineering, No method must be used 
which will reduce the calorimeter. The method of pro- 
tection must be such as will not interfere with the use 
(if ferrules, and will not cau.se injury to the tube-sheet 
when tubes are cut out. 
3753 7 



f 



The stay-tubes will be No. 7 B. W. G. in thickness. 
They will be reinforced at both ends to an external diam- 
eter of 2^ inches, leaving the bore of the tube uniform 
from end to end. They will then be swelled at the back 
end to 2'/i inches external diameter. They will be 
threaded parallel at combustion-chamber ends, and ta- 
per at back ends to fit threads in tube-sheets. They 
will be screwed into the tube-sheets to a tight joint at 
the back end, and will be made tight at the front ends 
by expanding and beading. All expanding will be done 
by approved tools. Cast-iron ferrules of 1 ^ inches inter- 
nal diameter wil! be used to protect the ends of slay- 
tubes in combustion-chambers. All tubes will be spaced 
3 inches from center to center vertically and ^J^ inches 
horizontally. 

There will be in each boiler, placed as shown, a number 
of tubes 3 inches external diameter, and No. 4 B. W. G., 
which are used as braces. They will he secured in sheets 
similarly to the j^-inch stay-tubes, except that the 3-inch 
tubes between the front of the boiler and the front sheet 
of the combustion-chamber will, in addition, be fitted with 
nuts in the combiistion-chambcr. 

At the front end these tubes will have a plug with a 
pipe attachment. 

98. COMBUSTIOH-CHAXBEBS. 

There will be two combustion-chambers in each boiler, 
one for each furnace. They will be made of ,'.>-inch 
plates, except the tube-sheets, which will be as before 
specified, and the front sheet of the chamber, which will 
be ^5 inch thick, and will be welded to the furnace-flue. 
The combustion-chambers at the top will be flat and 
braced by girders and bolts, as shown in the drawing. 
The piateswill be flanged where necessary, and all parts 
joined hy single-riveting. The holes for screw stay-bolts 
in plates of combustion -eh am hers and shells will be 
drilled and tapped together, in place, 

93. BOUER-BRACING. 

The bracing of each boiier will be of steel, and placed 
as shown in drawings. 
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head, will have a stiffenin^-ring riveted on the outside of 
the boiler. The man-hole plates will be of cast-steel in 
dished form. Each plate will be secured by two wrought- 
iron dogs and two i ^4 -inch studs with square nuts. Each 
plate will have a convenient handle. 

Each of the man-holes in the top plate of heads will 
have a raised cast-steel ring riveted to the inside of boiler. 

The hand-hole plates will be cast-steel, and will be 
secured by dogs and bolts. 

All plates, dogs, and nuts will be indelibly marked to 
show to what holes they belong. 

96. FURNACES. 

Each furnace will be in one piece and corrugated. The 
thickness and diameter will be as shown in drawings. 
They must be perfectly circular in cross-section at all 
points. They will be riveted to flanges of front heads 
and will be welded to combustion-chamber plates so that 
furnace-flue and combustion-chamber plate form one 
piece, as shown. The corrugations of furnaces to alter- 
nate. 

97. ORATE-BABS AND BEARERS. 

The grate-bars will be of wrought-iron, of approved 
revolving or shaking pattern. They will be so fitted that 
thev can be readilv worked under forced draft without 
opening the furnace or ash-pit doors, and with(mt allow- 
ing an escape of air or gases. They will also be so fitted 
as to be readily removed and replaced without hauling 
fires. The bars at sides of furnaces will be made of cast- 
iron to fit the corrugations. 

The bearers will be made of wrought-iron, supported 
bv wrought-iron lugs bolted to the furnace-flues. 

98. BRIDGE-WALLS. 



They will be made of cast-inm, so fitted as to be readily 
removable. Thev will be finished with fire-brick or other 
approved refractory material. 
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99. HAHGIHG BRIDGES. 



There will be in each combustion-chamber a hanging- 
bridj^e, as shown in outline in drawings. They are to 
be substantially constructed, and will be of such material 
and pattern as may be approved. 

100. FURNACE-FRONTS. 

They will be made with double walls of wrought-iron, 
bolted to a ligbt frame. The space between the two 
walls will be in communication with the ash-pits. The 
upper part of the inner plate of furnace-front will be 
perforated as directed. The dead-plates will be made of 
cast-iron, and fitted so as to be easily removable. The 
door-openin^s will be as large as practicable. There will 
be a beading on the inside of the door-frame in wake of 
the inner plate of door to make the clearance as small 
as possible. 

101. FURNACE-DOORS. 

The furnace-doors will be provided with approved 
means for preventing the escape of gases around them 
when forced draft is used, and they must be protected 
in an approved manner from the heat of the fire. There 
will be three hinges to each door, all of wrought-iron. 
The upper hinge will be so made as to support the weight 
of the free end of the door, and so fitted that the sag can 
be easily taken up. The latches will be of wrought-iron. 
Drawings showing the arrangement of furnace-fronts 
and furnace-doors must be submitted to the Bureau of 
Steam Engineering before work is commenced on them. 

102. AIR-DUCTS. 

From each of the fire-room blowing-fans a wrought- 
iron trunk will lead vertically down to the space under- 
neath the fire-room floor-plates, where the air-ducts will 
be located. The wrought-iron sides of ducts will be 
not less than -^,^ inch thick. Plates will be removable 
where necessary to get at boilers for repairs. From the 
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main air-duct branches will lead to all ash-pits, each 
fitted with a door in front of ash-pit, and each fitted with 
a damper. These dampers will be so fitted as to be easily 
removable for repairs, and will each be provided with a 
lever and catch for opening and closing ; to be so fitted 
that the amount of opening can be quickly and easily 
graduated, and that the dampers will close automatically 
when the fire-doors are opened. 

The dampers must be made to work easily, and when 
closed must be practically air-tight. The air-ducts will 
be so arranged that the lower man-holes will be easily 
accessiljle. If necessary to make parts of the ducts re- 
movable for this purpose, the removable sections will be 
tilted with handles and with beckets for hanging them 
on hooks provided for the purpose. 

Th'j air-ducts below the floors must be water-tight, and 
so proved. All air-ducts will be tested for air-tightness 
under the pressure needed to produce the requisite com- 
bustion. 

Man -holes will be arranged in main air-ducts where 
directed, with suitable covers. The covers of man-holes 
in tire-room (loor-plates will be sufhciently heavy to be 
kept down by their own weight, and will rest upon suit- 
able packing. A suction will lead from the lowest part 
of each main air-duct to the auxiliary fced-])ump. 

103. ASH-PIT DOORS. 

They will be made of fs-inch wrought-iron, stiffened 
with angle (»r channel-inm. They will be fitted with 
asl)estos or other a])proved material to make an air-tight 
joint where fastened to air-ducts; this packing material 
to be so fitted as to be protected from injury, and so as 
to be readily renewed. Each door will be fastened in 
])lace by wrought-iron buttons bolted to lugs on the walls 
of the air-duct, each button setting up (m a wedge riveted 
to the door. Hach c. or will have two wrought-iron han- 
dles, two wroiight-ir(/n beckets to fit hooks on boiler- 
front, and an eye for slinging by. 
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104. LAZY-BARS. 

A lazy-bar with the necessary lugs will be fitted in the 
front of each ash-pit. Also portable lazy-bars for the 
furnaces. 

105. ASH-PANS. 

Ash-pans of 3^' -inch wrought-iron, reaching from the 
front of furnace-flue to bridge-wall, will be fitted to all 
furnaces. 

106. GIRCTJLATnrG-PLATES. 

Each boiler will have circulating-plates fitted at each 
side of each nest of tubes. They will be of steel, ^ inch 
thick, in sections, so as to be easily entered into and taken 
out of the boilers, and will be secured in an approved 
manner. Each section will have two clips at upper and 
one at lower end for supporting it from the stay-tubes. 
The plates will be well painted all over with two coats of 
approved paint or cement. 

107. UPTAKES. ^ 

They will be made of wrought-iron, No. 8 B. W. G., 
built on channel-iron and stiffened with angle-irons, and 
will be bolted to boiler-heads and shells. They will be 
bolted to the lower plates of smoke-pipe, with slotted 
holes to allow for expansion. 

Outside of the uptakes will be a jacket inclosing a 
3-inch air-space; this jacket will be made of No. 12 B. W. 
G. iron, and will extend from the tops of uptake-doors 
to the tops of the uptakes. 

The space between the plates of the uptake will be 
filled with an approved incombustible non-conducting 
material. 

108. UPTAKE-DOORS. 

The uptake-doors will be made of double shells of iron 
of the same thickness as uptakes. The space between 
the shells will be filled with the same non-conducting 
material as in uptakes. 
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The hinges and latches will be made of cast-steel or 
wrouj;ht-iron. 

Each door will also have an eye near its top for 
handling. 

109. SHOKE-PIFE. 

There will be a smoke-pipe, about 40 feet in height 
above the grates of the furnaces. The area of the smoke- 
pipe will be about 16 square feet. The lower part of the 
pipe will be shaped to connect with the uptakes, and will 
be built of No. 7 B. W. G. iron or steel. The upper part 
will be built of No. 9 B. W. G. iron or steel. The pipes 
will be well stiffened by angles. 

The pipe will be finished at the top by an angle-iron 
to which the stay-shackies will be secured, and by a hood 
covering the casing, to which will be secured shackles 
for slinging painters. The pipe will he strongly stayed 
by guys and turn-buckles of approved dimensions and 
pattern. All joints will be butted and strapped. The 
pipe will be supported in an approved manner, so that 
its weight will not come on the uptakes. 

From its junction with the uptakes to about 6 inches 
below the hood at top the smoke-pipe will be surrounded 
bv a casing, leaving an annular space of 5 inches. The 
casing will be made of iron. No. n B, W. G.', and strength- 
ened by angJe-irons. It will be butted and strapped, 
flush-riveted on the outside and open top and bottom. 
It will be stayed to the pipe and will be finished with a 
half-round iron at top. There will beaoors through this 
casing and through smoke-pipe. 

Above the smoke-pipe hatch an iron casing, N'o. 12 B. 
W, G., leaving an annular space of about 6 inches, will 
e.\tend for about 5 feet, and will be finished by half- 
round iron. About i foot above this there will be a hood 
carried by the smoke-pipe casing. 

There will be a ladder on the outside of the pipe, on 
the forward side, reaching to the top; this ladder to be 
made of round iron, bent and riveted to the pipe. 
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^. SMOKE-PIPE COVER. 

The smoke-pipe will have a permanently-fixed cover 
made of wrought-iron. No. 1 1 B. W. G., built on angfles in 
a slightly dished form and supported by angles riveted 
to the smoke-pipe. The cover will be placed above the 
top of the smoke-pipe so that it will not interfere with 
the exit of the gases, and will overlap the smoke-pipe 
about 1 8 inches all around. 

L. BOUER-SADDLES. 

Each boiler will rest in three saddles. Angle-irons will 
be riveted to the boilers to fit the saddles. They will be 
bolted to the saddles with allowance for expansion. 

i. BOILER ATTAGHMElfTS. 

Each boiler will have the following attachments, viz: 

One steam stop- valve; 

One dry-pipe; 

One main feed check- valve with internal pipe; 

One auxiliary feed check-valve with internal pipe; 

One bottom-blow valve with internal pipe; 

One surface-blow with internal pipe and scum-pan; 

Two safety-valves with internal pipe; 

One steam-gauge; 

Two glass water-gauges, of automatic-closing type ; 

Four gauge-cocks; 

One sentinel- valve; 

One salinometer-pot; 

One drain-cock; 

One air-cock; 

One approved circulating apparatus; 

One cock with thread for the attachment of a syringe. 

All external fittings will be of composition unless 
otherwise directed. All fittings will be flanged and 
through-bolted or attached in other approved manner. 
All cocks, valves, and pipes will have spigots or nipples 
passing through the boiler-plates. All internal pipes 
will be of brass. No. 14 B. W. G., and must touch the 
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plates nowhere except where they connect with their 
external fittings. The internal feed and blow-pipes will 
be expanded in the holes in boiler-shells to fit the nipples 
on their valves, and they will he supported where neces- 
sary in an approved manner. The stems of all valves 
on boilers are to have outside screw-threads. The inter- 
nal feed and blow-pipes are to be arranged to come 
between the corrugations of furnaces. 

113. BOILEB BTOF-TALVEB. 

There will be a 4,!i-inch self-closing stop-valve, with 
horizontal spindle, on each boiler. The valve will be 
bolted to the front head of each boiler, as shown, there 
being a spigot beyond the flange long enough to afford 
a good fastening for the dry-pipe. 

114. DRY-PIPBS. 

There will he in each boiler, as high as possible and 
properly supported, a 4|i-inch brass dry-pipe, Xo. 14 
B. \V. <;., extending nearly the length of the boiler 
perforated on its upper side with longitudinal slits, as 
shown. The valve end of the pipes will be expanded so 
as to fit the spigots of the stop-valve nozzles, and will be 
.secured to them by four pins. The pipe will be closed 
at the inner end and have a '3-inch drain-hole in its 
under side near each end, 

115. FEED CHECK-TALTE8. 

The main and auxiliary check-valves will each be 2 
inches in diameter. They will be fixed on the shell at 
front ends of the boilers, but entirely separate from each 
other, and will be fitted with internal pipes, the feed- 
pipes leading above the tubes and pointing downward in 
the water spaces between the nests of the tubes and be- 
tween the nests and shell. 

The valve-cases will be so made that the bottom of the 
outlet-nozzle shall be at least J--inch above the valve- 
seat. The valves will be assisted in closing by phosphor- 
bronze spiral springs. These valves will have polished 
brass bent bar-handles in lieu of hand-wheels. 



116. SA7ETT-VALVES. 

l-'auh boiler will have two 2!i-inch spring safety-valves 
placed as near the front of boiler as possible; the two 
valves to be in one case. Each valve will have a pro- 
jcctinjf Up and an adjustable rinji for increasing the 
pressure on the valve when lifted; or an e<|iiivalent 
device for attaininjj the same result. They will be ad- 
justable for pressure up to the test presstire: the adjust- 
ing inechanism to have an index to show the pressure at 
which the valve is set, and a lock to prevent tampering 
with the adjustment. The locks <m ail safety-valves will 
be alike. The springs will be square in cross-section, of 
first (|uaHty of .spring-steel, and will be nickel-plated. 
They will be of such a length as to allow the valves to lift 
one-eighth of their diameters when the valves are set at 
lOo pounds pressure. They will have spherical bearings 
at end.-i, or be connected to theeonipression-platesinsuch 
a manner as to insure a proper distribution of pressure. 
They will be inclosed in cases so arranged that steam 
will not come in contaet with the springs. The spring- 
cases will be so lilted that the valves ean be removed 
without slacking the springs. The valve-stems will fit 
loosely in valves to bottom below the level of the seats, 
and to be so secured that the valves may be turned by a 
wrench or cross-bar on top of stem. The valves will be 
guided hv wings below and in an approved manner nbove. 
The valves will be fitted with mechanism for lifting by 
hand from main deck and fire-rooms; the mechanism for 
each pair of valves to be such that the valves will be 
lifted in succession. All joints in the lifting-gear will 
be composition bushed. The outlet-nozzle will be in the 
base easting, so that the joint at the escape-pipe will not 
have to l>e broken when taking the valves out. The 
casings, valves, and spindles will be made of composition. 
The valve-seats will be of nickel, or equivalent metal of 
approved kind, A drain-pipe will be attached to each 
safety-valve casing below the level of the valve-seats, 
leading to the bilge. 



Each safety-valve casing will have an internal pipe 
leading to the top of the boiler or be connected to the 
dry- pipe. 

117. SEKTIHAL-TALVES. 

Each boiler will have a sentinel-valve at the front end 
'/j square inch in area. It will have a sliding weight 
on a notched lever graduated to 170 pounds pressure. 

118. BOTTOM BLOW-VALVES. 

There will be a i-inch bottom blow-valve on each 
boiler, bolted to the shell near the front. The valves 
will close with the boiler-pressure. An internal pipe will 
lead from each valve to near the bottom of the boiler. 

The valve-casing, valve, hand-wheel, and valve-stem 
will be made of composition. 

119. SDKFACE BLOW-VALVE& 

There will be a i^i-inch surface blow-valve on each 
boiler, bolted on or near the front. The valves will close 
with the boiler-pressiire. An internal pipe will lead 
from each valve to near the water-line in the boiler, and 
will be fitted with a scum-pan. 

The valve-casing, valve, hand-wheel, and valvc-stcm 
will bo made of composition. 

120. BLOW-PIPEB. 

A j-inch pipe will connect with the bottom blow-valves 
and with a sea-valve in the same compartment. This 
pipe will have a nozzle for the connection of a pipe for 
pumping out the boilers, as well as i_'/j-inch nozzles for 
attachment of pipes from the surface blows. There will 
be a straightway-valve in the blow-pipe as near the sea- 
valve as possible. Ail joints will be flange-joints. 

BOILER PVHPnrO-OnT FIFES. 

A 2-inch pipe will connect the blow-pipe with the aux- 
iliary feed-pump, with a screw stop- valve above the floor 
near the pump. 



122. STEAH-OAQOES. 

There will be one spring steam-gaujie, equal to "Lane's 
improved," with seamless tubes, on eaeh boiler, with 8|i- 
ineh dial, trraduated to 155 pounds. Each gau^e will 
have an independant connection with its boiler and be 
fitted with a three-way ciick and a coupling for attach- 
ment of a test-gauge. 

123. BOILER WATER-QAU6ES. 

Each boiler will have two glass water-gauges of ap- 
proved automatic-closing pattern. Bach gatigc will be 

placed at the side of the boiler and will havei^j-inch 
pipes leading to top and to near bottom of boiler, with a 
valve in each elosc to boiler. The shut-ofE and blow-out 
cocks are each to have at least |.. inch clear opening, and 
will be packed cocks, with levers and rods for working 
from fire-room. The glasses will be about 16 inches in 
exposed length, with the low'est exposed part about i 
inch above the highest heating .surface. The glasses 
will he well ]>rotectcd, A brass index-plate, with letters 
and arrows cast in relief, will be fixed close to each gauge- 
glass to show the height of the top of combust ion -cham- 
ber. The blow-out cocks will have drain-pipes leading 
to bilge, with union joints, 

124. OATTGE-COCKS. 

There will be four asbestos-packed gauge-cocks of ap- 
proved pattern on each boiler, with rods and levers for 
wiirking from fire-room, liach cock will have an inde- 
pendent attachment to the boiler. They will be spaced 
about 6 inches vertically, the lowest one being about 4 
inches below the highest heating surface. Each set of 
cocks will have a drip-pan and a drain-pipe leading to 
bilge. 

12fi. SALINOHETEE-FOTS. 

There will be a salinometer-pot of approved pattern 
ctinnected to each boiler. They will be placed close to 
each other in the fire-room where directed. 



126. BOILER D&Anr-COCES. 

Each boiler will have a i-inch drain-uoclc of approved 
pattern. 

1S7. BOILER AIR-COCKS. 

Each main boiler will have a ^'i-inch air-cock at its 
hij,'hc'st part, with a Jj-inch copper pipe leading to bilge. 

128. CIRCULATIHG APPARATUS. 

There will be lilted to each boiler an approved device 
for cireitlatinj; the water in the boiler while raisinjj 
steam. Each i-i these will be fitted where direeted and 
have a stop-valve close to boiler. They will take steam 
from the anxiliary steam-pipe, with slop-valve in firc- 



129. ZIHC BOILER-PROTECTOim. 

Each Imilerwill have rolled-zine plates i; x 6 x '_• inch, 
placed as may he directed. Each plate will be bolted to 
a wroiii^ht-iroii strap, which will be clamped to the staj^s. 
Each strap will be filed brij^ht where in contaet with 
zinc and stav, each stav hcinj; also (iled brijjfht at contaet 
pnint. .\ttcr beinjr halted in place the outside of the 
joints will be made water-tijjht by paint or approved 
cement. 

130. HAIH FEED-PVSP. 

It will be a \erticul pump, and will have 



capat 



of 



water-valves will be metal- 
lic, iif approved kind. The pump wilt be so arranjjed 
that the packing' of the water-pistons can he jfot at read- 
ily. The steam-cylinders must be of sufficient size to 
work the pump at the required speed to furnish the 
amount of water above specified. The exhaust-cushion 
must be adjustable. All working parts will be of 
wroujjht-iron or steel. 

The main feed-pump will draw water from the feed- 
tank only and deliver into main feed-pipe only. If the 



r 
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steam-valve is moved hy a supplemental piston, the valve 
must have a positive motion near the end of the main- 
piston stroke to prevent piston striking cylinder-head. 
If a supplemental piston is used, its motion must be hori- 
zontal. 

181. PEED-WATEE HEATEE. 

There will be an approved feed-water heater in the 
fire-room, of suitable size, placed where directed. 

Plans showing type and arrangement of heater must 
be submitted to the Bureau of Steam Engineering for 
approval before work is commenced on it. 

182. AUXniAEY FEED-PUMP. 

There will be in the engine-room a vertical pump of 
the .same kind and .same water capacity as the main feed- 
pump. It will be connected to draw from the sea, feed- 
tank, bilge, or boilers at will, and to deliver either into 
auxiliary feed-pipe, fire-main, or overboard through a 
Kingst(m valve. 

This pump will have its steam-cylinder ada])ted for 
use as a tire-pump with steam of 6o pounds pressure. 

In the fire-room there will be a hose connection on 
fire-main, furnished with a screw straightway-valve. 

183. PEEB-PUMP PEESSUEE-GAUGES. 

The main and auxiliary feed-pump will have a spring 
pressure-gauge, registering from zero to at least 300 
pounds per square inch. 

184. ASH-HOISTS. 

At least one ventilator in the fire-room will have vertical 
guide-strips of iron on the inside, and l^e tilted with all 
the necessarv <rear for hoistin<r ashes. 

An ash-hoisting engine of approved design will ])e tilted 
in the tire-room hatch or such place as may be directed, 
of suthcient power to luast 300 ])'>iinds from the tire-room 
floor to the deck in five sectnids with steam of 60 pounds 
pressure. 
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It will have a reversing-gear, to be worked from the 
fire-room and from deck, with approved adjustable safety- 
gear to prevent overwinding and to stop the engine when 
the ash-bucket reaches the fire-room floor. It will also 
be fitted with an approved brake to control the drum. 
The ash-hoist will be fitted with the necessary sheaves, 
whip, and all appliances necessary for handling avsh- 
buckets. 



185. FIRE-EOOM BLOWERS. 

There will be two blowers of approved pattern in the 
fire-room. 

These blowers must be capable of supplying to the fires 
continuously, with ease, sufficient air to maintain the 
maximum rate of combustion. Thev will take air from 
the fire-room in such manner as to thoroughly ventilate 
it, and deliver into the air-ducts. 

The spindle-bearings must be accessible while the blow- 
ers are in motion, and will be of anti-friction metal in 
composition boxes, and, together with their lubricating 
apparatus, must be thoroughly protected from dust. 

186. BLOWER-ENGINES. 

Each blower will be driven direct by an inclosed multi- 
cylinder engine of an improved design, and of sufficient 
power to run the blower at full speed with steam of roo 
pounds boiler-pressure. The engine- valves must be of 
the slide or piston type. 

All working parts must be closed in, but easily accessible 
for overhauling. The lubrication must be automatic and 
thorough. The throttle-valve in the steam-pipe of each 
blowing-engine will be arranged to be worked from the 
fire-room floor, with suitable index to show how much it 
may be open. The steam -])ipe for each blower will con- 
nect with auxiliary steam-])ipe. 

The shafts of blower-engines will be so fitted that a 
portable revolution-indicator can be quickly and easily 
applied without removing any part of the mechanism. 



17. AIB-PBESSnSE OAUGEa 

An approved gauge, equal to those made by the E. P. 
Gleason Manufacturing Company, will be fitted in the 
fire-room to show the pressure iri each main air-duct. 

A portable gauge will also be supplied to the fire-room, 
with conveniences for connecting it to the furnaces, up- 
takes, and wherever desired to measure the air-pressure. 

These gauges will indicate pressures in "inches of 
water." 

18. FIKE-TOOL RACKS. 

Racks will be fitted in each fire-room in convenient 
places for holding all necessary fire-tools. 

)9. ASH-DUHPS. 

From each ash-hoist, on the upper deck, permanent 
over head rails, suitably supported, will lead to the ash- 
chutes on each side of the ship, if directed. Each of these 
will be fitted with a traveler of approved design, with all 
necessary appliances for carrying the ash-buckets. At 
the top of each ash-chute a dumping-hopper of approved 
design will be fitted, so arranged as to fold up out of the 
way when not in use. The ash-buckets are to be balanced 
dump-buckets, with all necessary gear complete. All the 
ash-hoisting and dumping-gear will be such that the buck- 
ets will not have to be lifted by hand. 

a. ASH-SPRINKLERS. 

A valve for wetting down ashes will be fitted in the 
fire-room where directed, and will be fitted with all neces- 
sary hose, couplings, and nozzles. 

,1. STEAH TUBE-CLEAHEES. 

A steam tube-cleaner, of approved design, will be fitted 
in the uptake room. Steam will be taken from the aux- 
iliary steam-pipe. Sufficient length of steam-hose will 
be provided to easily reach all the tubes. 
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142. W0EK8H0P MACHIHERT. 

There will be fitted in the engineer's workshop a dou- 
ble-j^eared engine-lathe of the best make and of approved 
pattern. It will be of at least 9 inches swing and 24 
inches between centers. It will be fitted with gears for 
cutting threads from 4 to 40 to the inch, and with four- 
grade cone-pulleys. 

The lathe will be fitted where directed in the engineer's 
workshop. It will be driven from a counter-shaft with 
cone-pulleys to suit the machine. 

An engine of approved pattern will be provided for 
driving this lathe. 

143. DISTILLING APPAEATUS. 

The distilling apparatus, placed where directed, will 
consist of an eva])orator and a distiller, with their acces- 
sories, having a capacity of 2,000 gallons of potable water 
per 24 hours at a temperature of not more than 90^ F. 
when the cooling water is taken in at a temperature of 
60O F. 

The evaporator will be made with shell of plate-steel 
with welded scams. The heads and flanges will be of 
cast-iron and the coils of c(;pper, tinned inside and out. 
It will be felted and lagged, and will be fitted with a 
safety-valve, steam-gauge, glass water-gauge, gauge- 
cocks, salinc>mcter-])ot, and blow-valve. It will take 
steam from the auxiliary steam-pipe, and will be fitted 
with automatic trap and with drain-pipe leading to the 
feed-tank. The shell of the evaporator will be tested to 
50 pounds to the square inch, and the coils and all parts 
subject to the boiler pressure to 230 pounds per square 
inch. 

The distiller will be made with shell of sheet-brass, 
flanges and heads of composition, and coils of copper or 
brass, thoroughly tinned on both sides. The coils of 
distiller will be divided into at least two parts, each with 
a separate inlet and outlet-valve. 

A filter of approved design will be fitted to the dis- 
tiller. 
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There will be efficient means for aeratin<; the distilled 
water. 

There will be a steatn-pump of approved pattern, and 
of a capacitv of about 3 gallons per minute at ordinary 
speed, fitted to draw water from the filter and deliver it 
into the fresh-water tanks. The eylinders of the pump 
will he of "liffht service" proportions, for iisinj; steam of 
do pounds pressure. The water end of the pump will 
contain no copper or lead. A pipe will lead from the 
atm()spherc, above the ship's awninjis, to the suction of 
the pump, with a re jfulatinji- valve, so that air can be 
forced into the tanks with the water. In the water- 
suction of the pump will be fitted an a])proved water- 
meter, made without copper or lead. The discharge- 
pipes to the fresh-water tanks will lead to the botttmis 
of the tanks, so that air forced in will rise throujfh the 
water. 

A pump of approved pattern and size will be fitted for 
feeding the evaporator: also one to circulate the cooling 
water through the distiller, to draw water from a special 
sea-valve placed where directed. Also a pump, with 
metal valves, which can draw the cfmdcnscd water from 
the evaporator and deliver it intu the auxiliary feed- 
pipe. This pump will be placed below the level of the 
evaporator and will take the condensed water from the 
trap. A cimncetion will be provided between the evapo- 
rator and the main condenser, so as to make up the los.scs. 

The water after leaving the distiller will be led for- 
ward by a proper pipe with connections for flushing the 
crew's water-closets, with 'nranches to the officers' water- 
closets. A by-pass pipe will be provided so that water 
mav pass to the closets when the distiller mav be shut 
otT.' 

The evaporator and distiller will be s<t fitted that their 
coils can be easily removed for repairs. There must be 
no internal detachable joints in the coils of either evap- 
orator or distiller. 

144. TASH-WATEB TANKS, ETC. 

There will be one or more cylindrical \vn>ught-iron 
tanks, of a combined capacity of 100 gallons, to hold 
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fresh water for firemen's use. They will be fitted where 
directed. Each tank will have an overflow-pipe, without 
valve or cock, leading to the bilge, with the end in plain 
view from the fire-room ; also a drain-pipe with its 
valve easily reached from the fire-room. Pipes will be 
led direct from the fresh-water outlet of the distiller for 
filling these tanks without passing the water through the 
filters; these pipes to have locked cock-s. 

There will be an approved hand-pump, which will be 
connected as follows: to have suction-pipes from the 
feed-tank suction-pipe and from the tanks above men- 
tioned, and to discharge into these tanks and into the 
tank in the firemen's wash-room; all pipes fitted with 
stop-valves close to pump. The pump will have a 
dead-weight relief-valve set at just sufficient pressure to 
allow the wash-room tank to be filled. 

A cylindrical copper tank, of about 20 gallons capacity, 
will be fitted in the firemen's wash-room, and connected 
with the pump above specified. The tank will be sup- 
plied with a vent-pipe with a float-valve, which will close 
the vent when the tank is full. There will be a service- 
pipe from the tank, with a branch to each wash-basin, 
and one for filling buckets. Each of these branches 
will have a self-closing lever-faucet. In the service- 
pipe, close to the tank, will be a locked cock. 

146. MAIN STEAM-PIPES. 

A 4'j-inch pipe will lead from each main stop-valve. 
A valve, 4'- inches diameter, in the engine-room, will join 
the starboard and port main steam -pipes, as shown. 

Stop-valves will be placed as shown in drawing, 
straightway valves being used where shown. 

146. AUXILIARY STEAM-PIPES. 

There will be an auxiliary steam-pipe extending fore- 
and-aft, through engine and boiler compartments, and to 
the windlass, steering, dynamo, and ventilating-fan en- 
gines, and to the engineer's workshop. It will connect 
with the auxiliary stop- valve of each boiler. Stop- valves 
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will be on the same nozzle as main stop- valves. Branches 
will extend to all auxiliary machinery herein specified. 
The pipe will be of sufficient size to supply all auxiliary 
machinery, including dynamos and ventilating-fans. 
Wherever pockets necessarily occur, the pipe will be 
drained and trapped. All branches from the pipe to 
pumps or engines on a lower level will have the stop- 
valve for such machinery close to the main pipe, with a 
spindle for working it from below, so that when the 
pump or engine is standing idle there will be no oppor- 
tunity for water to collect in the vertical pipe leading to 
it, which must be blown out before starting. 

147. AUXILIARY EXHAUST-PIPES. 

An auxiliary exhaust-pipe, of sufficient size for all 
steam auxiliarv machinerv will be fitted and connected to 
this auxiliarv machinerv. It will have valves to direct 
the exhaust-steam into the main condenser, the auxiliarv 
condenser, into either low-pressure cylinder, or into the 
atmosphere through the escape-pipe at will. At each con- 
nection with c(mdensers and escape-pipe the auxiliary 
exhaust-pipe will be fitted with two stop-valves so as to 
minimize the chance of an air-leak. 

The connection with the escape-pipe will be made 
below the protective-deck. All exhaust-pipes from en- 
gines above the])rotective-deck leading to the condenser 
will be fitted with valves below the protective-deck. 

148. BLEEDER-PIPES. 

A 2 3L'-inch branch from the main steam-pipe of each 
engine will lead to the ccmdenser, with a stop-valve ope- 
rated from the working-platform. 

149. INTERMEDIATE AND LOW-PRESSURE STEAM-PIPES. 

A i^^i-inch branch from the main steam-pipe will lead 
to each intermediate, and a similar pipe to each low- 
pressure valve-chest, each with a stop- valve. 
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150. MAIH EEEB-PUMP EXHAUST. 

The exhaust-pipes from the main feed-pimips, in addi- 
tion to the connection with the exhaust-main, will be so 
arranged that the exhaust-steam can be turned into the 
feed-pump suction instead of into the auxiliary exhaust- 
pipe — chambers with suitable nozzles for this purpose 
bein^ii^ fitted in the suction-pipes. 

161. ESCAPE-PIPES. 

There will be a y-inch copper evScape-pipe abaft the 
smoke-pipe, extending to the top, finished and secured 
in an approved manner. This pipe will have branches 
leading to the safety-valves. It will be fitted with an 
approved muftlcr. 

The auxiliary exhaust-pipe will also lead into the 
escape-pipe. 

162. MAIN FEED-PIPES. 

A seamless-drawn brass pipe, of the full size of the 
piimp-dischar^c. will lead from the main feed-pump and 
discharj^e only into the main feed-pipe, havin<^ branches 
leadin^i^- to the boilers. F'.ach of these branches will have 
a straiji^fhtway-valve, with hand-wheel in a convenient 
position for regulating' the feed. All ])arts of the pipes 
will be above the lloors, in plain view, and all joints 
made by flani^es screwed on the pipes and bolted 
together. 

163. AUXiLIARY FEED-PIPES. 

A similar pijK' will lead from the auxiliary feed-pump 
to the auxiliary feed-pipe, havin^^ branches to each of 
the boilers. These branches will be fitted the same as 
those on the main feed-pipe. 

164. FIRE-MAIN. 

A pipe will extend fore and aft on the berth-deck, with 
an approved straight way- valve and fire-plug of Navy 
standard size where directed in each compartment. This 
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pipe will be connected with the discharges of the engine- 
room fire-pump, the engine-room auxiliary pump, and the 
auxiliary feed-pump. One branch from this main will 
lead up to the upper deck and be fitted with straightway- 
valves and fire-plugs. A branch from the main will lead 
to each magazine passing-room, one to the compartment 
abaft the engine-rooms, and one to each compartment 
forward. Each of these branches will be fitted with a 
straightway-valve and fire-plug, and will be so connected 
• that all of the fire-pumps can work on it. There will be 
a straightway-valve and fire-plug in an approved position 
in the engine-room and the fire-room. Drain-pipes will 
be fitted to drain all parts of the fire-main and branches. 
A reverse-coupling will be supplied, with adapters to 
suit the various sizes and threads of fire-hose commonly 
in use, for the purpose of filling the boilers with fresh 
water from hose (m shore or on boats alongside. 

There will be a ij^2-inch pipe leading from the auxil- 
iary steam-pipe to each coal-bunker and hold, to be used 
for extinguishing fire. This pipe will have a valve in it 
close to auxiliary steam-pipe and another at each coal- 
bunker or hold bulkhead. 

165. PIPES THROUGH WATER-TIGHT BULKHEADS AND 
DECKS. 

They will be made water-tight by stuffing-boxes, 
flanges, or other approved means. 

Pipes must not be led in such manner that the angles 
or tees of bulkheads have to be cut. Holes through 
wooden decks, where pipes pass through, will have brass 
or copper thimbles, made water-tight, extending at least 
3 inches above decks. 

156. PIPES THROUGH COAL-HUNKERS. 

They will be protected by iron casings, made in sec- 
tions, easily removable for repairs. Pipes must not be 
led under openings of coal-chutes. 
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157. DBAIV-PIPES AVD TBAPS. 

All places where condensed steam can accumulate will 
be provided with drain-pipes and cocks or valves of am- 
ple size, and with approved automatic traps, which will 
discharge into feed-tank or condensers, or as directed. 
All traps will have by-pass pipes and valves for conven- 
ience of overhauling. The glass water-gauges on all 
traps under pressure w-ill be of an approved automatic- 
closing pattern. The lowest parts of all water-pipes and 
all pump-cylinders and channel-ways will have drain- 
cocks with pipes where required. The handles of all 
drain-cocks will point downward when closed. 

158. THICKNESS OE PIPES. 

The thickness of metal in the principal pipes w-ill be 
as follows, by B. W. G.: 

Steam-pipes above 5 inches bore and less than 

7 yi inches bore - No. 6 

Steam-pipes above 4 inches bore and less than 

5 inches bore No. 9 

vSteam-pipes of and above 3 inches bore and less 

than 4 inches bore No. 1 1 

II. P. exhaust to I. P. cylinder No. 8 

I. P. exhaust to L. P. cylinders No. 9 

L. P. exhaust to condenser _ . .No. 10 

Circulating-pump suction and discharge-pipes. .No. 11 

Bilge-injection pipes .No. 13 

Air-pump discharge to feed-tank _ _ No. 14 

Feed-pump suction-pipes. . No. 13 

F'eed-pipes No. 8 

Blow-pipes No. 1 2 

Auxiliary exhaust-pipe No. 15 

Escape-pipe .. No. 14 

Dry-pipes No. 14 

Connections to fire-main No. 10 

(lalvanized wrought-iron bilge-suction pipes No. 7 

All pipes of which the thickness is not given in the 
above list will be made of approved thickness. 
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159. AUXniAET-ENOnrE STOP-VALTES. 

Each auxiliary engine will have stop-valves in both 
steam and exhaust-pipes as close to cylinders as possible, 
except whjere otherwise specified. Exhaust stop-valves 
will be Wraightway where practicable. All pumps, 
except circulating-pump, will have screw check-valves 
in both suction and delivery-pipes close to pump-cylin- 
ders, so arranged that they may be kept off their seats 
when desired. 

160. MATERIAL AHD EITTIEO OE PIPES. 

All pipes, except the lower ends of bilge-suction pipes, 
will be of copper, unless otherwise specified. 

The lower parts of bilge-suction pipes will be of gal- 
vanized iron. 

All feed and blow-pipes, all bilge-suction pipes, except 
the lower parts, and all steam-pipes less than 3 inches in 
diameter, will be seamless-drawn. All copper pipes not 
seamless-drawn will be brazed. All copper pipes over 3 
inches in diameter will have composition flanges riveted 
on and brazed ; all under 3 inches will have flanges or 
approved composition couplings brazed on. All feed and 
blow-pipes will have composition flanges. All flanges 
will be faced and grooved, and joints made with approved 
material. All composition flanges below the floor-plates 
will be connected by bolts and nuts of naval brass. All 
bends in brazed copper pipes will be one gauge thicker 
than straight parts. All copper pipe T-pieccs and fittings 
will be of composition, except where otherwise directed. 
Expansion-joints of approved pattern will l:e fitted where 
required. vSlip-joints, if fitted, will have stop-bolts and 
flanges. All copper pipes in bilges will be well painted 
and covered with water-proof canvas, and must not rest 
in contact with anv of the iron or steel work of the vessel. 

161. PUMP-GYLINDEES. 

All pump-cylinders, together with their valve-boxes 
and fittings, will be made of composition. Air-chambers 
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will be fitted on the delivery sides of pumps or in the 
pipes, as may be directed. 

The water-cylinders of all vertical pumps will be so 
arranged that the pistons can be readily overhauled. 

All pumps will have either packed pistons or packed 
plungers, excepting air-pumps, which will be made as 
shown. 

182. PVMP EELIEF-VALVES. 

All feed and fire-pumps will have adjustable spring 
relief- valves, of approved design, connecting the delivery 
and suction passages. 

163. SEA-VALTES. 

There will be in the various compartments sea-valves, 
as follows: 

In the engine-room, a valve of sufficient size to supply 
water to the fire and bilge-pimip, the auxiliary pump, and 
auxiliary feed-pump; also with a 2-inch nozzle for con- 
nection of the water-service pipe. This will be a screw 
stop-valve, and will have an independent connection to 
the side of the vessel. Also in the engine-room a double 
valve-box with a screw non-return valve for the fire and 
bilge-pump discharge, and a non-return valve for trap- 
discharge. This valve-box may, if desired, be connected 
to the outboard nozzle of the main outboard-delivery 
valve. The main injection and outboard-delivery valves 
will be as elsewhere specified. 

In the boiler compartment there will be the necessary 
Kingston valve for bottom and surface-blow. 

There will also be a sea-.suction valve for the distiller 
circulating-pump, placed where directed. 

164. BILGE-STEAIHERS. 

Each pipe leading from the bilges to the pumps will 
be fitted with a Macomb, or equivalent, strainer, above 
the floors. 
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165. ATTACHMENT OF VALVES TO HTTLL. 

Steel strengthening-rings will be riveted to plating of 
hull around the openings for all sea-valves. The valve- 
flanges will be bolted to these rings by naval-brass studs, 
care being taken not to drill the holes entirely through 
the rings. A zinc protecting-ring will be fitted in each 
opening in skin in such a manner as to be easily renewed. 

All suction-valves will have strainers over their open- 
ings on the outside of the vessel. These strainers will 
have s/g-inch holes with a collective area equal to twice 
the area of the valve-openings. Strainers must be fast- 
ened to valve-casings and not to the plates of the hull. 

166. COCKS AND VALVES. 

All cocks and valves and their fittings, except as other- 
wise specified, will be of composition. All hand-wheels 
will be of finished brass, except as otherwise specified, 
and will be at least one and one-half times as great in 
diameter as their valves. All cocks communicating with 
vacuum spaces will have bottoms of shell cast in and 
have packed plugs. All cocks over i inch in diameter 
will have packed plugs. 

Valves of approved pattern will be supplied wherever 
necessary to complete the various pipe systems, whether 
herein specified or not. All valves w411 be so fitted as to 
be easily ground in, and be fitted, where required, with 
grinding-in guides and handles. No conical-faced valve 
will have a bearing on its seat of more than -^ inch in 
width. All valve-spindles must turn right-handed to 
close, and have outside threads when practicable. Cocks 
and valves may have, where approved, in lieu of wheels 
or permanent handles, removable box or sopket-wrenches, 
marked and stowed in convenient racks. These handles 
will be so fitted that they can only be removed when the 
valves are closed. All cocks and valves underneath the 
floor-plates will have their wheels or handles above the 
floor-plates, in easily accessible positions, unless other- 
wise directed. The sizes of valves as given in these speci- 
fications refer to the diameters of the equivalent clear 
openings. 



68 

167. LABELS ON OEAE AND INSTBTJMENTS. 

All cocks will have engraved brass plates to show their 
uses and to indicate whether open or shut. All valves 
except such as may be otherwise directed will have simi- 
larly engraved plates to show their uses, or have the 
same plainly engraved on hand-wheels. 

All hand-levers or their quadrants will be similarly 
marked. Gear for working valves from deck will be 
marked as elsewhere specified. 

All steam stop-valves will have indices to show to what 
extent they are opened. 

All gauges, thermometers, counters, telegraph-dials, 
speaking-tube annunciators, and revolution-indicators 
will be suitably engrav^ed to show to what they are con- 
nected. 

All engraving will be deep and to be filled in with black 
cement. 

168. CLOTHING AND LAGGING. 

The main cylinders and valve-chests, after being finally 
secured in place in the vessel and tested, will be covered 
with approved incombustible non-conducting material 
and neatly lagged with black walnut all over, with pol- 
ished brass bands and round-headed brass screws. The 
lagging will be made in removable sections over each 
cylinder, valve-chest, and man-hole cover, the sections 
to be of such size as to be easily handled, and all parts 
plainly marked. The lagging elsewhere will be so 
secured as to be easily removed, replaced, and repaired. 

All parts of the condensers except the water-chests at 
ends will be clothed with approved material, put on in 
sections so as to be easily removed and replaced. 

All steam and exhaust-pipes, the feed-water heater, 
and all steam -valves will be clothed in an approved 
manner with a satisfactory non-conducting material, 
covered with canvas, well painted. The main steam and 
exhaust-pipes in engine-room will be also covered with 
black -walnut lagging with brass bands. The canvas 



69 

covering of steam-pipes will be secured to bulkheads 
where the pipes pass through them. 

The steam-cylinders of all auxiliary engines will be 
clothed and lagged the same as main cylinders. 

After the boilers are in place and have been tested and 
painted, they will be covered all over, except where 
directed, as low as the saddles, with approved incombus- 
tible non-conducting material at least i^ inches thick. 
This clothing will be covered on tops, sides, and back heads 
and on fronts, where required, by galvanized wrought- 
iron plates about No. 18 B. W. G., flanged not less than 
I inch and bolted together with composition bolts; also 
secured to boiler-plates at bottom by angle-iron, which 
will be held in place by ^2-inch bolts tapped part way 
into the boiler-plates, and held off from the boiler-plates 
elsewhere by suitable distance-pieces. 

169. WHISTLES. 

An approved polished brass chime steam-whistle, with 
bell of about 4 inches diameter, will be placed forward 
of the smoke-pipe well above the level of the awnings, 
and connected to the auxiliary steam-pipe by a pipe 
having a stop-valve at its lower end and a working- valve 
at the upper end. The pipe will have an expansion- 
joint at lower end. 

There will also be a shrieking-whistle of approved 
pattern and size, and placed where directed. 

A drain-pipe with valve will lead from the lowest point 
of each whistle connection. 

170. HOSE AND HOSE-REELS. 

A sufficient length of hose will be supplied for the 
engine-room and the fire-room, to lead to the farthest 
part of the adjoining coal-bunkers below the protective- 
deck. The hose for engine-room will be of the best 
quality rubber-lined linen, and that for fire-room, will 
be the best quality four-ply rubber engine-hose; all 2/3 
inches diameter, with standard couplings. Each hose 
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will be supplied with a rubber hose-pipe with handles. 
A pair of spanners will be supplied for each hose. 

A hose-reel of approved pattern will be fitted in the 
fire-room and a swinging bracket or similar hose recep- 
tacle in the engine-room. Hose-pipes and spanners will 
be fitted in beckets. 

171. SHAFTS THROUGH BULKHEADS. 

All shafts passing through water-tight bulkheads will 
be fitted with stuffing-boxes, each in two parts. 

172. FLOORS AND PLATFORMS. 

The engine-room, fire-room, uptake-room, and con- 
necting passages, will be floored with wrought-iron 
plates }{l inch thick, with neatly matched flat-topped 
corrugations running fore and aft. The plates will be 
of convenient size and easily removable, except such as 
form part of air-ducts in fire-rooms. They will rest on 
proper ledges of angle or T-iron, and will have drain- 
holes where necessary. Platforms will be provided for 
getting at all parts of the main and auxiliary engines 
and boilers. These platforms, where placed over moving 
nachinery, will be fitted the same as the lower floors. In 
other places they will be made of iron rods fs inch 
square, placed ^ inch apart. 

173. LADDERS. 

Ladders will be fitted wherever necessary for reaching 
the engine-room and fire-room from deck, and for reach- 
ing the various platforms, passages, and parts of ma- 
chinery. The engine-room ladder will be made with 
plate-iron sides and light cast-iron treads with corru- 
gated tops. The fire-room ladder will be made with plate 
sides and double square-bar treads. 

All ladders will be so fitted as to be easily removable 
where required, and will be jointed and hinged, with 
necessary fastenings and gear, where they have to be 
moved when closing hatches. Light iron ladders will 
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be fitted to and through one ventilator in the engine- 
room as means of egress when the battle-hatches are 
closed. 

Gear will be provided for quickly opening the battle- 
hatches over the fire-room ladder, this gear to be worked 
from fire-room. 

174. HAHS-RAIia 

Hand-rails, easily removable where required, will be 
fitted to all ladders and platforms, around moving parts 
of machinery, and along bulkheads and passage-ways. 
The hand-rails and stanchions will be made of deoxi- 
dized bronze, or of approved equivalent metal which will 
not easily tarnish, and will be polished all over. The 
lower ends of stanchions will pass through floor-plates 
with nuts underneath. 

176. OEAB FOB WOBKING VALVES FBOM DECK 

The safety-valves, boiler stop-valves, and engine-room 
stop-valves, as elsewhere specified, will have suitable 
gear for working them from the main deck. 

The rods of the gear will be guided and supported on 
deck by cast composition standards, left rough and 
painted. Each rod will have a hand-wheel at least 3 feet 
above the deck. The main stop-valve hand-wheels will 
be 10 inches in diameter, each to be fitted with an ap- 
proved lock and key; all locks and keys to be alike. The 
auxiliary stop-valves will be similarly fitted with 8-inch 
hand-wheels. The wheels will be of brass, polished, and 
will have their rims connected with the hubs by plain 
disks without holes in them. Or in lieu of hand-wheels, 
if directed, polished brass bar-handles will be fitted to 
squares on the turning-rods, and will be stowed in beckets 
on bulkheads. The tops of rods will be protected by 
brass caps. All hand-wheels will be engraved with name; 
or cast-brass label-plates with polished raised letters will 
be fixed to adjoining bulkheads. 

176. LIFTING-OEAB. 

Efficient lifting-gear, consisting of traveler-bars and 
pulleys, deck-beam clamps, turn-buckles, shackles, hooks. 
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eye-bolts, and as may be directed, will be fitted wher- 
ever required for lifting parts of the machinery for 
overhauling and repairing. 

Holes will be tapped in all the principal movable parts 
of machinery for this purpose. 

177. OU-TAl^KS. 

Oil-tanks, of 200 gallons total capacity, divided as di- 
rected, will be iitted where directed, with facilities for 
filling from deck. They will be made of wrought-iron 
not less than }i inch thick, and will each have a glass 
gauge, a man-hole and cover near the top, and a locked cock 
for drawing oil. In the engine-room there will be fitted 
two copper oil-tanks of 10 gallons each and two of 4 
gallons each, and in the boiler compartment one of 5 
gallons, all with lock-cocks. All oil-tanks will be fitted 
with drip-pans. 

Each of the larger oil-tanks will have a hand-pump 
and pipes for filling the smaller tanks. 

One iron tallow-tank, with hinged cover, will be fitted 
where directed. 

After the plates of these iron tanks are flanged, and 
before riveting, they will be galvanized. 

178. VENTILATORS. 

Ventilators 24 inches internal diameter, with cowls 
well above the awnings, will be fitted as may be directed. 

The ventilators will be of wrought-iron. No. 11 B. W. 
G., butted and single-strapped and flush-riveted. The 
cowls will be movable, of No. iz B. W. G. copper, not 
planished, and at least 48 inches in greatest diameter. 
The base-rings of cowls will be of composition, finished 
on working parts but left unfinished on the outside. All 
cowls will be fitted with gear for turning them from en- 
gine and fire-room, the gear to be of composition except 
the spindles, which will be of wrought-iron. Brass hand- 
wheels or T-handles will be fitted to spindles in engine 
and fire- room. 

A ventilator in fire-room will be fitted for hoisting 
ashes, as is elsewhere specified. 
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179. TOOLS. 

The following tools will be furnished in addition to 
those elsewhere specified: 

One set of wrenches complete for each engine and the 
fire-room, to be fitted for all nuts in their respective 
compartments, plainly marked with sizes, and fitted in 
iron racks of approved pattern. The wrenches for nuts 
of bolts less than one inch in diameter will be finished, 
and for all over two inches in diameter will be box- 
wrenches, where such can be used. Socket-wrenches 
will be furnished when required. Open-end wrenches 
will be of steel or wrought-iron with case-hardened jaws, 
all others of wrought-iron or cast-steel; 

One pair of taps, on rod, for each size of tube, for tap- 
ping front and back tube-sheets, heads and front plates 
of combustion-chambers of boilers at one operation. 
This will be a duplicate of that used in originally tap- 
ping the sheets, and be so packed as to be perfectly pro- 
tected from injury; 

A fixed trammel for setting the main valves without 
removing the covers, the valve-stems to be properly 
marked for this purpose; 

Fixed trammels or gauges for aligning crank-shafts, 
brass pins being let into pillow-blocks and center-marked 
for this purpose; 

Two complete sets of fire-tools for the fire-room; 

Two coal and two ash-buckets for the fire-room; 

All trammels and gauges will have protecting cases. 
All tools will be conveniently stowed. 

180. DUPLICATE PIECES. 

The following duplicate pieces, in addition to others 
specified, will be furnished, fitted, and ready for use, viz: 

One set of valves for each pump; 

One valve-seat, with guards and bolts complete, for air- 
pumps; 

One-half set of follower-bolts and nuts for each steam- 
piston, and one set for each air-pump piston; 

One-half set of springs for each steam-piston; 
3755—11 
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Two bottom brasses and two top brasses for crank-shaft 
bearings; 

Two crown brasses and two butt brasses for crank-pins; 

Two cap and two butt brasses for cross-head journals; 

Brasses complete for two cross-heads; 

One section of crank-shaft, to be fitted in place, and 
delivered at such naval station in the United States as 
may be directed, to be left in store; 

A full set of blades for each propeller, fitted to pro- 
peller-bosses. These blades will be of such pattern as 
mav be directed after the trial of the vessel; 

One complete set of brasses for each main engine 
valve-gear; 

One complete set of brasses for circulating-pump en- 
gine, air-pump engine, main feed-pump, fire-pump, and 
each blowing-engine; 

Four spare cup-leathers for each one fitted in hydraulic 
gear; 

One piston-rod for each piston of pump in fire-room; 

One feed-check valve complete; 

One bottom-blow valve complete; 

One surface-blow valve complete; 

One complete set of metallic packing for each stuffing- 
box; 

A spare hose and nozzle for each steam tube-cleaner; 

One-eighth of a complete set of grate-bars and bearers 
for all furnaces, and one pattern for each casting; 

One dead-plate and one pattern for same; 

One ash-pit damper, with gear complete; 

One ash-pit door; 

Twenty-five stay-tubes for boilers, threaded to fit 
threads in tube-sheets, with ends wrapped in canvas; 

Twenty-five ordinary boiler-tubes, swelled at one end 
and annealed, ready for use; 

One duplicate for each 3-inch stay-tube used; 

Twenty-five condenser-tubes, packed in boxes; 

Twenty-five condenser-tube glands; 

One spare spring for each safety-valve and relief-valve; 

One spare basket for each Macomb bilge-strainer; 

Two zinc protecting-rings for each sea-valve opening; 
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One set of coils for evaporator. 

Wherever duplicate pieces are furnished for one of two 
or more pieces of machinery of the same size, they will 
be made strictly interchangeable. 

All finished duplicate pieces not of brass, except as 
otherwise specified, will be painted with three coats of 
white lead and oil and well lashed in tarred canvas, with 
the name painted on outside. Brass pieces will be marked 
or stamped. All pieces will be stowed in an approved 
manner. 

All boiler-tubes will be securely stowed in racks, or as 
directed. 

181. MATERIALS AHD W0BKMAH8HIP. 

All castings must be sound and true to form, and before 
being painted must be well cleaned of sand and scale, 
and all fins and roughness removed. 

No imperfect casting or unsound forging will be used 
if the defect affects the strength or to a marked degree 
its sightliness. 

All nuts on rough castings will fit facings raised above 
the surface, except where otherwise directed. All flanges 
of castings will be faced, and those coupled together will 
have their edges made fair with each other. The faces 
of all circular flanges will be grooved. 

All bolt-holes in permanently fixed parts will be reamed 
or drilled fair and true in place, and the bodies of bolts 
finished to fit them snugly. 

All pipes beneath floor-plates will be connected by 
forged bolts and nuts of naval brass. 

All brasses will fit loosely between collars of shafting. 

All brasses or journals will be properly channeled for 
the distribution of oil. 

^ Packing for stuffing-boxes will be such as may be ap- 
proved. 

All small pins of working parts will be well case- 
hardened. 

All steel joint-pins of valve-gear will be hardened and 
ground to true cylindrical surfaces. 
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All materials used in the construction of the machinery 
will be of the best quality. The iron castings will be 
made of the best pig-iron, not scrap, except where other- 
wise directed. 

Composition castings will be made of new materials. 
The various compositions will be by weight as follows i 

For all journal-boxes and guide-gibs, where not other- 
wise specified — 

Copper 6, tin i, and zinc % parts. 

Naval brass^ 

Copper 62, tin 1, and zinc 37 per cent. 

For composition not otherwise specified — 
Copper 88, tin 10, and zinc 2 per cent. 

Muntz metal will be of the best commercial quality. 

Anti-friction metal will be of approved kind. 

Ornamental brass fittings will be of good, uniform 
color. 

All castings will be increased in thickness around core- 
holes. Core-holes will be tapped and core-plugs screwed 
in and locked, except where bolted covers are used, or 
where it may be directed that the holes be left open. 

All steel forgings will be without welds and free from 
laminations. 

All flanges, collars, and offsets will have well-rounded 
fillets. 

All boiler-plates, stays, and tubes will be well cleaned 
of mill-scale by pickling or other approved means. 

All flanged parts of boilers will be annealed, after 
flanging, in an approved manner. 

India-rubber valves will be of approved kind, of best 
commercial quality. 

All bolts for securing the boiler attachments will, where 
possible, be screwed through the boiler-plates, with heads 
inside. 

All work will be in every respect of the first quality 
and executed in a workmanlike and substantial manner. 

Any portion of the work, whether partially or entirely 
completed, found defective, must be removed and satis- 
factorily replaced without extra charge. 
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188. TESTS OF MATERIAL. 

All steel used in the construction of the boilers, and 
all steel forgings and castings, will be tested in accord- 
ance with rules prescribed by the Navy Department. 

All boiler and condenser-tubes will be tested to 300 
pounds pressure per square inch, applied internally, 
before being put in place. 

India-rubber valves, taken at random, must stand a 
dry-heat test of 270^ F. for one hour, and a moist-heat 
test of 320O F. for three hours, without injury. 

188. TESTS OF BOILERS AHD MAGHIHEET. 

Before the boilers are painted or placed in the vessel 
they will be tested under a pressure of 250 pounds to the 
square inch above atmospheric pressure. This pressure 
will be obtained by the application of heat to water 
within the boilers, the water filling the boilers quite full. 

The steam-pipes and valves, the auxiliary engines, and 
all fittings and connections subjected to the boiler-press- 
ure will be tested by water-pressure to 250 pounds to 
the square inch. 

The high-pressure cylinders, jackets, and valve-chests 
will be tested by water-pressure to 240 pounds to the 
square inch, the intermediate-pressure cylinders and 
connections to 150 pounds, and the low-pressure to 100 
pounds. The exhaust side of the low-pressure valve- 
chests will be tested to 30 pounds. The condensers will 
be tested to 30 pounds. 

The pumps, valve-boxes, and air-vessels of the feed, 
fire, and bilge-pumps will be tested to 300 pounds per 
square inch. The cylinders and condensers will be tested 
before being placed on board, and must be so placed that 
all parts may be accessible for examination by the 
inspector during the tests. All parts will also be tested 
after being secured on board. No lagging or covering 
is to be on the cylinders or condensers during the tests. 

184. PAINTnrO. 

After a satisfactory test, the boilers will be painted on 
the outside with two coats of brown zinc and oil, and 
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when in place the fronts will be painted with one coat of 
black paint. 

All eng^ine-work, not finished, will be primed with two 
coats of brown zinc and oil, and when placed in position 
on board the vessel will be painted with two coats of 
paint of approved color. The shafting, when in place, 
w^ill be painted with two coats of red lead and oil and 
two coats of black paint. 

The srr!oke-pipe will be thoroughly painted before and 
after erection on board. The ventilators and cowls will 
be painted similarly to the smoke-pipe, except the inte- 
riors of the cowls, w^hich will be painted vermilion. 

All pipes will be painted in accordance with a schedule 
to be hereafter furnished. 

185. PEELIMINAEY TESTS AND TRIALS 

Steam will not be raised in the boilers until after the 
water-test on board, unless desired for drying or testing 
joints, for which purpose the pressure must not exceed 
lo pounds per square inch. 

After testing, steam will be raised in the boilers when- 
ever required to test the connections and workings of 
all parts of main and auxiliary engines. All expense of 
such preliminary tests will be borne by the contractor. 

186. SUPEBINTENDING ENGIHEEE'S OFFICE. 

A suitable office and a suitable draughting-room, prop- 
erly furnished and heated, will be furnished by the con- 
tractor for the use of the superintending naval engineer 
and his assistants. 

187. EECOED OF WEIGHTS. 

All finished machinery, boilers, and appurtenances 
thereof, as fitted, and all spare machinery and tools 
herein specified, will be weighed by the contractor in 
the presence of the superintending naval engineer or 
one of his assistants before being placed on board ; and 
no part of the material will be placed on board without 
being so weighed to the satisfaction of the superintend- 
ing naval engineer. 
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188. woRKnra drawivos. 

All drawings necessarj' for the prosecution of the work 
must be prepared by and at the expense of the con- 
tractor. Those which are developments of the drawings 
furnished and of these specifications will be subject to 
the approval of the superintending naval engineer before 
the material is ordered or the work commenced. 

In the drawings furnished, figured dimensions, where 
given, will be followed, and not scale dimensions, unless 
otherwise directed. All discrepancies discovered in draw- 
ings, or between drawings and specifications, will be re- 
ferred to the Bureau of Steam Engineering. 

A copy of each working drawing will be furnished to 
the superintending naval engineer before the work shown 
by the drawing is commenced, A copy of each drawing 
accompanying orders for steel castings or forgings will 
also be supplied when the work is ordered. 

189. DBAWI50B OF COKPLSTED XACHIHEKT. 

The contractor will make and furnish to the Bureau of 
Steam Engineering, through the superintending naval 
engineer, a complete set of drawings of the boilers, ma- 
chinery, and appurtenances as actually completed, in- 
cluding plans of the same as fitted on board the vessel. 
These drawings will include every piece of machinery, 
both in whole and in part, and will be in such detail as 
would enable the entire machinery to be duplicated with- 
out additional drawings. No sheet will contain draw- 
ings of more than one part of the machinery, except 
those intimately connected with each other. The detail 
drawing of each part of machinery will be furnished 
within one month after the completion of the part, with- 
out waiting for its incorporation into the machine as a 
whole. Detail drawings will be made to a scale of not 
less than one and one-half inches to the foot. General 
plans of the machinery in place in the vessel will be 
made to a scale of one-quarter of an inch to the foot. 
Pipe plans will be made to a scale of not less than three- 
eighths of an inch to the foot. The pipe plans will be 
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divided into at least two parts — one showing steam and 
exhaust-pipes and the other showing all other pipes. 
The pipe plans will be colored, in accordance with a 
schedule to be furnished, to indicate the purpose which 
the pipes are intended to serve, and accompanied by an 
explanatory index. 

All drawings will be made on the best quality of trac- 
ing-cloth, all sheets being, as far as possible, multiples 
or sub-multiples of " double-elephant " size. 

Detail drawings will be hatched, where in section, in 
accordance with a schedule to be furnished, to show the 
various metals employed. 

190. CHANGES IK PLANS AND SPECIEICATIOHS. 

The contractor will make no changes in the plans or 
specifications without the approval of the Navy Depart- 
ment. In case it is thought advisable to make changes, 
the contractor will make application by letter to the 
Bureau of Steam Engineering, through the superintend- 
ing naval engineer, stating the nature of the change, 
accompanied by complete plans and specifications of the 
proposed change, together with a statement of his esti- 
mate of the amount of increase or decrease in cost. 

191. INSPECTION. 

The work of construction of the boilers, machinery, 
and appurtenances shall be at all times open to inspec- 
tion by officers appointed for such purpose by the Navy 
Department. Every facility will be afforded such in- 
spectors for the prosecution of their work. All handling 
of material necessary for purposes of inspection will be 
done at the expense of the contractor. All test speci- 
mens necessary for the determination of the strength of 
material used will be prepared and tested at the expense 
of the contractor. The contractor will furnish the 
superintending naval engineer with a weekly list of the 
number of men of each class employed upon the work, 
together with a statement of the number of hours' labor 
in each class. 
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